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TNT RODUCTr"':

A "sincle-noint" design is defined as a helicozter which
satisfies a speci:icatlon deiioa sinole altitude,
tercverature, Oavloc con'nination, 2n addition to soar~-

prescribed mis-ion. While it is acnul tedlv2 an c=_--.i

=ice-oa dei venxcl-es, thscie iis eaiv
a major factor in their cr =onfcuratio-~

A two-noint" des~an is ernaas one wnxc--, i.- ac..tio
tCo the sincle-noint critericr.. n-3s ceen sized so as to beable to make full use of th-d~inl~wr orcu*e, and
lift-ino canabiii1v avallat-,n a- son- o7-rattd nter~erature condlition (uul:lwrand cooler) -

Asingle-poxnt desian-c,% nhas the advantace of bei ng tne lihts

weight vehicle caoable of &erforrinc the stated mission. The
single-point design vehaicle will also have loe inta! cos ts
than any other vehicle capable or ner-forminc tne same nm.sslon.
However, since the -2nc-J.es in a S~~~~ t~s==eil
must be capable of producin= e nouch power to h over at ng
density - aliueA suly 0 ft, 05: itwill hv ee

=available at lower densit:F altitudes wnicn. cannot be handled
he- its p-ower trans4-Iss;Lo.- s-.sten and l-ifting; ca-abi'V which

= canlnot b-e handled by the ftte-iaqe structure. I
operation, the he iop-t z ; either be pronn
its engine capabi1l-ties or c:ccc:rueand Strur---aJ-
li-mits.

The twor-ooint desicn willI 1'c -.av-r and have - h - a
costs. T- will, however, be ab1-- to tar~e of5
(some- of) its additional canabil'-itv.. it% -wal' *z- ahl
safely Carry n-rearer loads and will havNe great-er encnra:;:;.
Because it- is less suscerntiblr to -a -S. -a
Cost4SU7 will be ~uc Derndjlln- o7- what is v z -c"

the second desian Doi-nt, th'v- nar - Crcr- -I

and the aonropriate.- effrecti1vcnesa -r :ctr: at~
can be sianificantiv more cost effective.

It is the purnzosa of this project to develon) a rethcod for
t-he selection f> the- reost cost-effective second desian oint4
and to deve-tloz a btt'r u-nncrstanc:na ofthcoct nte
factors which af~fect th selectio0n.



ANALYTICAL -ID -EL

The analytical codel used to describe the interrelationships
between the various factors affecting the cost and the
effectiveness is cr-ucial to the success of the project.
Because of the wide variety ofr mosible models reflecting
missions, vehicle concents, technolocy levels, available
data, and the aoproach preferences of tI-I1 a qen c erfornina
the evaluation, a rather aeneral co'uter proaran was
developed to handle models of varinc co-lexity and oroaaniza-
tion. All t -e- details of the nrogram ar civen in latersections. However, it is necessar to =int out that- he
prooram is based on the imoezontation of analytical models
in the form of locic diagram. *'-zz e da rac contain com-
outational units which are called m odues'. The discussion
of the models develoned in this stud vwill ne Dresented in
this framework, starting from thc overall logic and
Drocressin. to the details of the 'Individual cc--utat-ional
units.

-e analytical models develoaed in this renort ar considered
tu be adeue representations of t I =--f-e Itpoes o' he4i-
copters included in this project, i- ., (1) utilitV, (2)
carco, (3) crane, (4) observation, a nd 5) aunshin. These
--dels, however, have been developed orimarilv as fou-ndations

to be built unon and modified as our knr-eAce increases and
for the analysis of specific ssion req uirer nts. The
comuter imolementation has been snecificaily develoned to
have the canabilitv to easily handie minor or razor chancres
in details or overall loqic of the del.

GENERAL ORGANIZATION

The model is logically separated into four major unit- as
illustrated in Figure 1. The firs- block indicates the
oreliminary desian of the baseline single-noint desian. 'ne
major innut items here are the sinale altitude and te=era-
ture condition and the basic Mssion definition.

The second block to be entered after the sinole-notnt desizto
has been achieved indicates the co~utatirn of the chances
in the aircraft based on a snecified second altitude and
temerature condition.

The third block comutes the cost of the '-lico:ter includinc
production and or'erating costs but exciudina ma:.ntenance
which will be a function of t actual missions f-own.
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ALTITUDE, TEMPERATURE SINGLE-POINT
MISSION DEFINITION DESIGN

NO. OF UNITS, SERVICE BASIC COSTSLIFE, FLIGHT HOURS /_

PAYLOAD UTILIZAO OPERATIONALVI 'TSTICSCOSTS AND
CENVIRONMENTAL STATISTICS

EFFECTIVENESS

Figure 1. Major Units of Model and
Major Input Data.
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Primary data includes the production quantity, the attrition
rate and service life and flight hours.

The last logical block makes use of payload utilization data,
environmental data and results in the determination of total
costs and effectiveness.

These four blocks will now be described in more detail in
terms of the modules included in them. These modules reD-
resent the basic comoutation reauired. In this discussion,
the function of each module will be indicated but the actual
relationships used will be presented in later sections. The
model described here is for a utility helicopter but is
typical of all the models. When details are discussed, the
differences between the models will be indicated.

= Sinqle-Point Design

The modules in the first major block of operations are com-
puted in the followinq order:

SIZE
TO ALLOWANCE AND CRUISE
MAX RANGE
TOTAL FUEL
STAT WEIGHT
GROSS WEIGHT

The functions of each of these modules are aiven in the
following paragraphs.

SIZE - This module computes the power required, based
on the temperature, altitude, rate of climb, qross
weight, and disc loading. In addition, such data as flat
plate area, main rotor radius, and takeoff power are
also computed.

TO ALLOWANCE AND CRUISE - This module computes the
fuel consumed during the takeoff and cruise at Vmax
segments of the mission.

MAX RANGE - The speed for maximum range is determined,
and cruise at this speed is carried out with a fuel
used computation.

TOTAL FUEL - In this module the reauired fuel reserve
is added to the two previously determined increments to
obtain total fuel requirement.

4
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STAT WEIGHT Based on a statistical weights model
appropriate to the type of helicopter beina studied,
the weight of each component is computed.

GROSS WEIGHT - This module simply adds the empty
weight, fuel weight, crew and payload.

Notice that the gross weiaht is required in the f: st mrduie
and is recalculated in the last. In operat4 coss
weight is estimated and the entire proces. it.ated until
a converged gross weight is obtained. At -..-s point all the
design parameters for the single-point design have been
determined.

Two-Point Modifications

The second block of Figure 1 which determines the changes
due to the additional design point contains the following
modules in this order:

SIZE (Two-point data)
TO ALLOWANCE AND CRUISE
MAX RANGE
TOTAL FUEL
ANAL WEIGHT
GROSS WEIGHT TWO
TO ALLOWANCE AND CRUISE
MAX RANGE
TOTAL FUEL
PAYLOAD
ERROR

The first four modules are the same as used previously except
they have as data the altitude and temperature of the two-
point design.

ANAL WEIGHT - This module corrects the previously
obtained weight by analytically taking into account
the chanaes in torque and gross weight. These
effects are used to modify the weiqht of the drive
system, rotor, and fuselage.

GROSS WEIGHT TWO - The aross weight of the two-
point design helicopter is obtained.

The next three modules determine the mission fu-":ith the
new aross weight.

PAYLOAD - ":,his module determines the payload canabilitv
at the first design point.

5



ERROR- The payload just determined is compared with
the requirements. If the payload is deficient, the
gross weight is increased by the deficiency and the
entire block is repeated until convergence.

Basic Costs

The computation of the basic costs is accomplished with a
single module:

PAPC COSTS

This module computes the production, attrition, crew, and
miscellaneous costs on a per-hour, per-production helicopter Ji
basis.

Operational Costs and Effectiveness

PAYLOADS

OGWS
TO ALLOWANCE AND CRUISE
MAX RANGE
TOTAL FUEL.

MAINT COSTS

HOVER PROB

MEI

PAYLOADS - Thi ., module refers to input tables to obtain
discrete payloads and their respective utilization
frequency.

OGWS - The gross weight with one of the above payloads
is obtained.

The next three modules then, as previously, determine the
total fuel for the standard mission with the specified
payload. The process is iterated from the module OGWS until
the fuel load (and gross weight) converges.

MAINT COSTS - The maintenance costs are computed based
on the ratios of gross weights, computed MTBF's, and
overload effects.

6



HO'VER PROB - This module uses environmental
data to determine the integrated probability
that the helicopter can perform the required
mission.

MEI - The mission effectiveness index and the overall
cost effectiveness are comouted.

MISSION DEFINITIONS

One of the objectives of this study is to develop models that
have the capabilizy to treat a mission profile consisting of
a number o-f ifferent types of mission segments. These are:
(a) g-round operation, e.g., engine start, warmup, and check-
out; (1; takeoff; (c) climb; (d) cruise at given airspeed;
(e) cruise at airspeed for maximum range; (f) dash at Vmax;
(g) loiter; (h) hover, e.g., loading or unloading of cargo;
(i) descent; and (j) landing with a fuel reserve. The five
mission profiles compiled for the five types of helicopters
were compiled in such a way that all of the above specified
mission segments are represented. The one exception is the
descent segment, which is only implied by the altitude change
between the preceding and following mission segments, but for
which no calculations are performed because past specifications
reviewed do not allow distance credit for the descent segment.
Additional segments were defined using recent RFQ's as samples
to permit construction of any recently used mission profile.

Each mission segment is calculated for a given altitude and
temperature. Depending on the type of segment, time, dis-
tance or airspeed is specified. In the case of climb and

loiter, the airspeed is not directly specified but is deter-
mined as the speed for minimum Power. For cruise mission
segments, the airspeed is either specified or calculated tomeet specified criteria as will be explained later. In any

case, the calculation procedure includes checks that no
applicable stall or- power or torque limit is exceeded.

Performance at each mission secment is calculated for the
gross weight at the start of the mission segment. Weight
reduction due to fuel consumption is accounted for by sub-
tractina used fuel weight for each succeeding mission
segment. Payload changes, as due to unloading or loading of
cargo, rescuees, troops, or armament, may be accounted for in
determination of the initial gross weiqht of any seqment.

The draa changes due to off-loadiric or nickinq uD of external
cargo, or disposing of weapons durinq the miss.on can be
accoun.ted for similarly to Davload chanqes discussed above.

7



Table I is a listing of segments included in the five mission
profiles. The approaches to the analysis of these segments
are given in the following paragraphs.

TABLE I. MISSION PROFILE

Mission Segment TAS Distance Time Power

Ground Operation 0 0 S-ec. Fliaht
Idle

T.O. 0 0 S:ec. SDec.

Climb Look uo s; .ed Ca1c Calc Soec.
for min. Dower

Cruise @ Given A/S Spec. Calc 3.oec. Calc
Snec. Calc

Cruise @ Given A/S Calc Calc Soec. Calc
for Maximum Range Sec. Calc

V-nax, Dash Cale Calc Calc Snec.
Srx.c. CaIc

Loiter Look u: sr,-,ed --a. -n ec. Calc
for min. nower

Kover 0 SCec. Calc

Reserve Any mission seament above or nercent
initial fuel or both

Calc = Calculated SPec. = Specify

Ground operation fuel flow is determined directly from enaine
statistizs. The engine is assumed to be at fliqht idle
setting as would be the case for preflicht checking of
aircraft .7ystems. Review of engine data showed that fuel
flow is a function of encine size and ,ressure altitude
resulting in:

8



Fuel allowance for the takeoff mission segment is calculated
per military specifications as fuel used at a given power and
in a given time period. The power usually specified is the
maximum continuous power rating. The calculations procedure
selects the lesser of the two - engine or transmission power
level - for the specified rating and atmospheric conditions
and determines the fuel flow for that using parametric part
power SFC vs referred power variation data.

The climb segment requires that both initial and final
altitudes and temperatures are specified. Power rating is
specified as either intermediate or maximum continuous, and
the calculation procedure determines average altitude and
temperature. The engine power available at the specified
rating and average atmospheric conditions is compared with
the transmission limit, and the lesser of the two is used.
The average fuel flow is determined now for this power. Time-
to-climb determination involves determination of mini.mum level
flight power from the appropriate table. Then,

33,000 (HP available - minimum HP required)

Gross Weight

and

T AltitudeTime=
R/C

With known time and fuel flow, the fuel used is now
calculated.

Range for cruise at a given airspeed is determined in a very
straightforward manner. Power is determined at the specified
airspeed from appropriate parametric power required tables,
for which fuel flow may now be determined using part power
SFC data. Either time or distance may be specified and the
other is calculated. The fuel used is simply the fuel flow
times the time.

Cruise at airspeed for maximum range is similar to the pre-
ceding segment except that the airspeed is first determined
by a procedure where specific air range is calculated over a
range of airspeeds. Peak value is determined, and the
corresponding airspeed is then compared to stall, transmission
or power limited airspeed. The least of th-ese becomes the
cruise speed for 7axiru. range an4 usci cr s i .i n

calculatAins, as drscribed above.

9



Rarge at maximum airspeed is specified for either inter-
mediate or maximum continuous power rating. If intermediate
power is specified, then the airspeed is defined as the dash
airspeed. In either case, engine power available under the
qiven atmospheric conditions is checked acainst transiission
limit, and the smaller of these is used for airspeed deter-
mination. airspeed is checkcd so that it does not exceed
stall limi airspeed. Power, the fuel flow, and fuel load
are calcul. .d as described before.

For a11 of the range segments, the dista:ce may be specified
as the total required distance less distance covered during
the preceding climb segment, if any. This accounts for these
range or radius missions where mission profile requires
"climb on course to cruise altitude...'.

Loiter airspeed and power are determined from tables of
perfcrmance at minimum power in forward flight. Determination
of resulting fuel flow and fuel is straightforward.

Hover is determined using the parametric hover power equation.
Fuel flow and fuel load determination is straiahtforward.

Reserve may be specified as a percentage of initial fuel or
it may be specified as any other mission segment; i.e., a
specified time or distance at some specified airspeed or
power level. Most commonly used percentage is 10 percent.

Table II lists the primary mission (first point) definitions
used in this study. The intention is to cover as many typesof segments as possible and to specify representative

missions.

PERFORMANCE RELATIONSHIPS

The performance and weight models consist of relationships
to permit specified requirements to be combined with a given
technology level to result in defining aircraft aeneral
characteristics. The requirements include ability to hover
or to have a maximum speed capability, ability to fl,
specified mission profiles with a specified payload.
Technology level is defined by characteristics of helicopter
components that will be attainable at a given time, such as
component weight/size relationships, engine SFC character-
istics, aircraft drag, power-weight-speed relationships, etc.
The application of the performance and weight models results
in characteristics such as rotor dimensions, weight buildup
and engine ratings.

10



TABLE II. PRIMARY MISSION DE'INITIONS

Change Change
Pressure in in
Altitude OAT TAS Time Distance Payload Draa

(ft) (C) (kn) (min) (n =i) (Ib) (ft 2 )

kILITY -PL= 2640 lb
Ground Operation 4000 35 0 a8
V VZP 4000 35 20

Best Cruise Speed 4000 35 80
ReserVe: Best Cruise 4000 35 30

GUN SHIP - PL = 2C00 lb

Cruise @ Given A/S 4000 35 100 38
Houer 4000 35 0 32 0
Vmax. MCP 4000 35 8 -1340' -5
Cruise @ Best Cruise A/S 4000 35 6
iReserve: Cruise @ Best

Cruise A/S 40f.0 35 30

CRANE - PL = 45,000 lb

Ground Operation 0 35 0 10 0
T.O. Allowance (MCP) 0 35 0 2 0
Rover 0 35 0 10 0
Max. Range Cruise 0 35 50
Hover w/o Cargo 0 35 0 10 0 -45,000 -100
.ax. Range Cruise 0 35 50
Reserve: Mx. Rnge Cruise 0 35 30

BSERVATION - PL = 300 lb

T.O. Allowance (MDCP) SL 15 0 3 0 0
Endurance (Loiter) SI 15 180 0
Reserve - 10% of Initial

Fuel

RA YSPORT1 - PL= 25,000 lb

T.O. Allowance (MCP) SL 15 0 3 0 0
C-lir-b
Cruise (MCP) 7000 1 100
(Descend) 0 0
Ground Operation SL is 0 5 0 -25,000
Clicb
Cruise (Best Rance) 7000 1 100
Reserve - 10% of initial

Fuel
Expendable Ordnance

11



In this section, performance related technology levels willbe discussed. It should be noted that in some cases thevalues chosen oniy serve as samples to illustrate themethodology for determining an optimum two-point design anddo not necessarily represent the actual values.

Engine Performance

The performance of a "rubberized" turDeshaft engine ischaracterized by how power available varies with atmosphericconditions and how specific fuel consumption is related torated power and to part Dower condition.

Turboshaft engine rated Dower available varies with tempera-ture, altitude and forward speed. The last effect, ram,is ignored as negligible for the relatively low-speed regimeof helicopters created in this study. The effect ofatmospheric condition was determined empirically from current
engine data as:

PA/PRA = PRfl - 208(TR -1))

where PRA is the highest power rating given at 150C, SL andV = 0, which in this study was equated to the 30-minute,internm,:iate power rating. Similarly, the ratio of maximumcontinuous power to the highest engine rating was determined
empirically from current engine data resulting in:

P/PA - RA = .9

In this study the fuel consumption rate is determined for thespecified power level using the "rubberized" SFC versus powercurve keyed to an SFC at rated Dower. The SFC at rated powermay vary from .55 to .7 for current engines for .36 to .49for 1.980's engines. This data is presented in Figure 2.

For this study the current engine technology data was putinto an equation form as:

SFO =1.36(PRA/NEN) - ' 0 5

where NEN is the number of engines. Thus, PRA/NEN is therating of one engine. SFO applies to the highest power
rating at SL, 150C, V = 0.

For advanced encines for 1980 an yod, 20-ercent
reduction of Sri, is proy-td.

12
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ricure 2. SFC Data Coumiled for Aircraft

Siz1na Studies.

_- 13



The SFC at rated power is determined by technology level,
engine size, tradeoffs of engine simplicity versus engine
efficiency, and development history of the engine. The
smaller engines have higher SFC than bigger engines because
bigger engines can be designed with lower percentage losses.
Simplicity, such as the use of a fixed shaft, is achieved at
the expense of efficiency. During the development cycle of
an engine, SFC usually improves; however, growth usually
occurs to obtain more power within a given engine size
envelope, and SFC improvement is considered of secondary
importance.

The technology level is identified mainly by turbine inlettemperatures used and pressure ratios employed. These fac-
tors seem to go up hand in hand and result in lower -FC's
and lower engine specific weight. The temperatures withcurrent values froam 16000 to 2000OF will increase to 2400OF

in the 1980-1990 period requiring advanced materials and
turbine cooling in various degrees. Pressure ratios similarly
will increase from the current 6:1 to 14:1 range to up to
20:1.

In treating engine statistical data, the rated Dower was
selected as the highest thermdynamic, i.e., turbine inlet
temperature limited, rating given, excluding any "emergency"
ratings. Any derating due to gearbox limits was ignored. The
highest, i.e., T.O. or maximum (10 minutes), ratings were
used, if given, instead of the 30-minute limits, assuming that
the time ratings only express limits imposed to achieve
certain TBO. In effect, it was assumed that given engine
would have the same SFC at the highest rating regardlesswhether it is a 5-, 10-, or 30-minute rating.

For fuel consumption determination at part power operation,
the SFC versus referred power was "rubberized" by generalizing
it in terms of SFC and power at rated conditions, i.e., SFO
and PRA resulting in SFC/SFO versus PRF/PPA. From the study,
two shapes appeared as shown in Figure 3. The flatter of the
two curves appeared associated with some of the proposed
(mostly paper) engines, indicating a possible new trend in
turbine design optimization in which the engine manufacturer's
seem to take into account the fact that a good portion of the
time engines are operated at part power and that it is here
where low SFC's pay off. However, it has been noted that
some prototype engines, which were initially designed to have
this flat trend, seem to have moved back toward the current
trend, throwing some question as to the achievability (or tne
will to achieve) of dhe projected flat trends. Either curve
may be used to determine SFC at any power level once rated
power ani the corresponding SFC have been selected.
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II

Thne ram effect due to forward flight reduces the src
slightl. Due to the relatively low forward speed of t-he
helicopters studied, the ram may be ignored. The expression
by which fuel consumption can be calculatcd is ten:

= (P) (SF0) (SSF) .KF

where P is the given -ower at the desired airspeed, SEQ is
the SE*C at rated power determined as a function of th-
nology level and engine size, SSF is the SFC increase factor
for part power operation determined as a fun.tIo n  of ?RF/PRA
and KFF is any loss or allo wance factor aSiixe}. Sin-e in
this study relative fuel loads are sought, application of a

Zloss or alloWance would not affect the concluslons oft e
study. and thus, for simplicty, none are applied.

Hover and Vertical Fiiaht

A substantial body of statistics exists for various heli-
copters which establish a nower recuired. Blockaae losses,
drive system losses, tail rotor and accessories vower were
not extracted from the statistics. Thus, th variables are
gross weiaht an.a (total) pow.-r at - encine outut shaft-
Data form is S/SHP vs DLrJ R as is shown in Fiaure 4.

This is consistent wit. the traditional C.,/- = f(C.-t. -.
presentation it h"e latter is ex.oanded fot a sm.-ecified R
and DL. The curve may be exoressed in e . uation for- as
SuP = (.051)(iflDL/DR)- 4 1 at a specified rate, V.

Power to climb without forard speed can be calculated as
power required to hover OGE plus an increment for the
potential energy chance. Assumina a climb efficiency of
1.25 results in a rover power adjust-ent as:

tSHP = (VRC) (GW)/(33000) (1.25) = .00002424 (-V-C) (C:)

If it.- should be esirable to size the engine or trans-m'ss-n
to meet a given vertical rate of climb requireznt with a
specified margin of power, then the above m-ay be combined to
result in:

-SUD S?(I -uPvIo)

where PM is thes dsird po 7vr 7rz. :n ; Ir-ncnt.
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Speed-Power

The aircraft speed-power-weight-drag relationship is a

function of rotor characteristics, such as airfoil sections
used, taper, twist, disc and blade loadinqs (and thus
solidity), tip speed schedule (and thus tip Mach number),
etc.

For this study, data were generated for the following char-

acteristics:

Airfoil: NACA 23012 (constant)
Number of Blades: 4
Solidity, S 0.1
Tip Speed 700 fps (constant)
Taper None

The airfoil selected is for a current state-of-the-art air-
foil with good stall characteristics. The drag-liftcharacteristics are well established throughout the Mach

number range. The other listed characteristics iere chosen
as typical for helicopters currently in use or in development.The data were obtained by a standard rGtor performance program

involving an iterative numerical solution of the blade
flapping equations of motion.

The results are used in the model in a parametric form as
illustrated in Figures 5-8. Data are entered into the program
in two ways to allow determination of airspeed for a aiven
power and determination of power at a given airspeed.

TAS = f(DLN, POW, FOW)

POW = f(DLN, TAS, FOW)

These tables apply for speeds above speed for minimum power
with accuracy improving as speed is increasing. Accuracy of
the tables reduces at reduced airspeeds due to the shallow-
ness of the slope of power vs airspeed. For this reason,
separate data, as shown in Figure 9, are entered for speeds
for minimum power to accommodate performance related to this
speed such as loiter and maximum rate of climb. This data
again are in two forms:

TAS = f(DLN, FOW)

MRHP = f (DLN, FOW)

18
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The parametric form used in the table is the result of
determining the most meaningful way ot presenting the power-
speed-lift-drag relationship for a given rotor geometry. The
early forms of CD - CT - types of presentation have lost
some of their usefulness ever since Mach number effects have
been taken into account. The form used, however, is consis-
tent with C~io - Cx/o - CL/- - V/.2R - M relationship and
has the advantage over the latter that it is closer to the
dimensional form. In this semi-dimensional form, rapid
comparisons can be made of data used with other estimates or
test data and corrections made incrementally or percentage-
wise as desired.

The relationship between the traditional coefficient type
formulation and the used semi-dimensional form is illustrated
by the following. C /:3 is defined when C I/, CL/nip t, V/JR
and M are given. 

L

There is no increase in number of variables to define acondition if instead of V/OR and M, one would specify V and
;R and assume a nominal speed of sound to relate these as

= Mc/(I + V/ R)

V = (V/ R)2R

The remaining coefficients can be rewritten as:

(Cp/--)A t- .' R) 3 /550 C /,.
2 550

(CL/) A "~ ( R) CL/O

q = .5 gV = .5(DR) 0(V/'J) 2 ( R)2

F (DR) (C/o)A o P(C-"R) 2(DR)
FOW -2

q (CL/o) A( o (2R) 2 .5 (R) 3 (V/DR) (2ZR)
L 0

C /aCx/
2 2

CL/a .5c (V/f'R) (fDR)

____ L 0 '/)(R

(A) LDR R) Li:

24C./ A {DR J R



Ir the above, the use of a nominal speed of sound may, for
some off-design condition, introduce a small error. With a
20*C change in the temperature, a 3-1/2-percent error in
resulting Mach number is introduced. This, however, should
be an acceptable penalty for a study such as this, and thus
the data presented is generated for C = 1117 fps only.

Variation of solidity does not require separate charts but
can be accommodated similarly to Reference 1. This reference
substantiates the equivalence of a drag change to inflow
change resulting from a solidity change. In this study the
datz was compiled for S = .1; performance for any other S
can be obtained by entering the data with an adjusted equiva-
lent flat plate drag area:

F = F i+ (GW) (BL) (S - .1)
actual 4q24q

The adjusted F is now used to calculate FOW as before. POW
is determined from the data at the desired normalized blade
loading BLN. The chart values in the presentation of this
report must be used as DLN/S. For example, values shown for
DLN = 6 lb/ft 2 and S .1 are really for a BLN = 6/.1 = 60

2lb/ft

The tip speed in this study was chosen as 700 fps representing
the current state-of-art average. The outcome of this study
will not be significantly different if run at any other ti;
speed. However, if it should be desired to repeat the study
for any other tip speed, new power required must be calcula-
ted. From this, either a new data table must be generated
or a suitable adjusUtient found for the existing data.

Geometry of the rotor blade naturally affects the power levels
and is an inherent part of any performance presentation. The
characteristics used here, such as airfoil and twist, are
current technology and should yield representative results.
However, as in the case of tip speed, should it be desired to
investigate some different geometry, then corresponding power
data must be calculated, from which a new table can be gener-
ated or a suitable adjustment found for the data now used.

The tables yield main rotor Dower. To obtain total power,
i.e., power at the engine output, a factor was determined
which includes the effects of Lail rotor power, accessories
power, and drive system losses. Tne factor applies only to
forward flight and is:

MRHP/SHP = KPP = .9174
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Stall

The ultimate limiting factor on airspeed is stall of the
retreating blade. For the purposes of this study, the stall
boundary was determined consistent with the data generated
for forward flight. Thus, they contain the same assumptions
as the power required. Stall was defined at the airspeed when
the anole of attack reached I- degrees at the outboard section
of the blade. The angle was found to be just below the stall
caused break in power vs lift curves. The data is shown in
Figure 10. The data are entered into the program in the form of
an equation:

TAS = 70 + 15.7(15 - DLN)/(l000 FVW)2598

For opetational use, helicopter maximum airspeeds are limited
tc airspeeds below stall. The margin, SM, specified for this
study is 10 knots.

DragJ

Drag of aircraft is most conveniently represented as a
function of gross weight to the two-thirds power, a relation-
ship which assumes that a characteristic dimension exists
which, when cubed, gives a volume proportional to gross
weight, and when squared, gives an area proportional to the
equivalent flat plate drag area. Statistics from various
current and projected helicopters have led to the trends
shown on Figure 11.

The statistical drag data is treated as a function of maximum
gross weight of the helicopter. There is no assurance that
helicopter cargo spaces are designed to carry the max-mm
structural weight limited payload. in fact, for many heli-
copters the maximum gross weight has grown by a third, without
a corresponding increase in cargo space. However, since the
cargo-containing fuselage, as a rule, makes up less than a
quarter of the total drag, the cargo space is not a signifi-
cant factor. it was felt that the total drag is more related
to the maximum gross weight of the aircraft which dictates
rotor size so that gross weight adequately represents the
aircraft. in the case of helicopters with considerable de-
velopment and growth behind them, the latest gross weight was
used for correlation purposes. Then, helicopters at their
maximum GW exhibit higher disc lcadings than originally
designed for. Thus, the statistics reflect Che tendency for
new aircraft to be designed for higher disc and power
loadings.
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Depending on the type of helicopter, the loading density

varies and thus the volume-gross weight relationship.
Therefore, different fairings were drawn for the various
types of helicopters.

These expressions cover only the basic aircraft without

externa! stores or carqo. These items have a characteristicof" them-selves and are treated as an add-on to the basic drac.
In -his study, -it is assured that all fuel is carried in-
ter.aly, i.e., no external fuel tanks are used. Ftrtherre,

med that no external stores are carried bv the

observation-utilitv-transport catecories of aircraft. 7-heof the anship is assumed at an eauivalent flat

plate drac area of 5 ft 2 ,and the carao draa area for cranes
is assured to be 100 ft 2 . if desired by the user of the
proaram, these add-ons can also be rubberized by use of
suitable statistics.

1he above resulted in the followina relationshiDs to be used
in this study.

Utility, transport a = .035 /I
Observation A = .03 G2q3 /3: " _2/3
Gunshin f .02 O W + 2 3

Crane 42 NOi

STATISTICAL WEIGHTS

The statistical weiaht model used for the estimation of con-
ventional (sinale point) desioas was develoned to represent
the five tynes of helicopters under consideration and to use
relatively limited data such as would be available durina
a typICan predesi;gn situation. Tnhis -del is a :urne-r
develooment of that aiven and fullv documnted in Reference 2.
The statistical trends were based on analvses of the
fo lowino helicopters:

CH-3C HH-2D
CH- 34 HH-52
C H-37 UH- 2A B
CH-53A UH-19
SH-3A Ul- lB
S-52 Un-'D
S-61 UH-]N

The ecuations are listed in .the STAT WEIGH7 mduIe and are
not reoeated here. There are three tvnes of data used in
the naraetric equations, as follws:
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Basic Innut Data - These data either define character-
istics of the vehicle or are a result of performance
calculations- Examiles are; Number of enaines and rotor

radius. The required input data are listed in Table !I!.

intermediate Data - Actual values .-av be used if knom
from design definition. if: an act-uai valu~e is no-

available, an intermediate data value can be calculated
using input data and the appropriate equations. Ln
example is Tail Rostor Radius. If not .known. from design

definition, the tail rotor radius (in feet) is estimated,
using input data only, by .087 (rotor radius)

! 22.

Calculated Weiaht Data -I he weightC calculated by a

weiaht equation is used in a suLseauent weicht ecuation.
An example is Blade Weiaht, which is subsuttv use
to calculate Hub Weicht.

FNALYTI CAL WEIGHTS

The statistical weight mdel is aonronriate for the srncle-
point baseline vehicle. The modifications resultino rrom the
additional design point will result in changes In the struc-
ture, drive system, and rotor. Thnese chances are due to the
changes in gross weicht and engine and rotor torue. The
other major elements (engine, fuel system, and fixed weichts)
of t1he vehicle are assumed to change only insignificantly
since the basic mission is unch.anced.

Structure

The various elements of the structure or a tvyical heliconter
were examined from thr point of view :f whether the "weic!t' t of
the element was signi-icant and what kinds of loads were the
major design consideration. It is assux__d that limit load
factors, sink speed, and crash criteria are not chanced with
the chances in cross weight due to the second design point
criteria.

The elements of the structure considered include h f orward
fuselage, center fuselage, tail cone, vertical tail (tal
rotor pylon), horizontal tail, landing gear, en ane and
transmission mounts and carrv through structure. In general,
the items which contribute significant weight can be lune
tozether as t .he fuselace and tail and the landina ear. Some
of the components are desi.ned by steady flight loads, som
by vibratory loads. some by 1andinq loads, some by carco
loads, etc. The steady loads can be exoected to b oroor-.
tional to the gross weicht. Landina loads also are
poportionalto gross weight. The vibratory loads are the
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TABLE III. INPUT DATA FOR PARAMETRIC WEIGHT ANALYSIS

Symbol Data

AG = Number of Auxiliary Landing Gears

BF = Blade Folding Option ( 1 if used, 0 otherwise)

BRK = Main Rotor Brake Option (= 1 if used, = 0 otherwise)

CAP = Gallons of Fuel - Gal.

CB = Blade Chord - Peet

EDS Enqine Drive Shaft Option (= 1 if used, = 0
otherwise)

EN = Number of Engines

HPI = Rotor Horsepower - hp

HP2 = Installed Horsepower - hp

ITR = Intermediate Tail Rotor Gearbox Option (= 1 if used,
= 0 otherwise)

KLG = Landing Gear Geometry - Values/Configuration

.0157 - Skid Gear

.0247 - Sponson Mounted

.0280 - Quadricycle

.0329 - Tricycle - Fuselage Mounted

.0405 - Crane - Straddle Type

KNAC = Nacelle Arrangement - Values/Configuration

.96 - Twin Engines Mounted to Transmission Forward
or Aft of Ma-n Rotor

1.19 - Single Engine Mounted to Fuselage Forward
or Aft of Main Rotor

1.23 - Twin Enqines With Combininq Gearbox
2.26 - Twin Engines Outboard of Main Fuselaae

Add Factors for More Than Two Engines

MOW = Maximum Operating Weight - Lb

SNMR = Number of Main Rotor Blades
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TABLE III- Continued

Symbol Data

NR = Number of Main Rotors

NULT = Ultimate Load Factor

P = Number of Passengers

A = Main Rotor PRdius - Feet

S = Main Rotor Solidity

TAF = Type of Aft Fuselage - Values/Configuration

8 - Full Fuselage Depth at Splice of Main Fuselage
to Aft Fuselage. Example: SH3A

9 - Tailboom Configured for Rear RamD. Example:
CH53

10 - Tailboom Without Rear Ramp. Examole: UH19
13 - Full Fuselage Depth at Splice of Main Fuselaae

to Aft Fuselage and With a Tail Wheel Full Aft.
Example: HH2D

15 - Tailcone Upswept From Fuselaae Splice.
Example: UHID

SW = Total Wing Area

TAG = Type of Auxiliary Gear - Values/Confiquration

0 - Observation
0 - Gunshio
1 0 - Utility
2.5 - Tranbport
15.5 - Crane

TAR = Armament Provision and Plating -

Values/Configuration

600 - Gunship (0 otherwise)

TEL = Type of Electronics - Values/Confiquration
(Depends on A/C Designation)

.42 - Observation

.75 - Crane
1.00 - Utility
1.16 - Transport
1.25 - Gunship
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TABLE III- Continued

Symbol Data

TPU = Auxiliary Power Unit Option (= 1 if used, 0
otherwise)

TPY = Type of Pylon Configuration - Values/Confiquration
(Depends on Type of Aft Fuselaae)

14 - Tailcone Upswept From Fuselage Splice.
Example: UH1D

25 - Tailboom Without Rear Ramp. Example: UH19
45 - Tailboom Configured for Rear Ramp. Example:

C1153
48 - Full Fuselage Depth at Splice of Main Fuselage

to Aft Fuselage. Example: SH3A
62 - Full Fuselage Depth at Splice of Main Fuselage

to Aft Fuselage and With a Tail Wheel Full Aft.
Example: HH2D

VM Main Rotor Tip Speed - FPS

WPL = Desired Weiqht of Payload
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most difficult to generalize upon. The transition flight

regime is when the highest vibratory loads can be usually
expected. Exp3rience indicates that the vibratory loads are
proportional to GW, increasing by about 4 to 8 times the ratio
of delta G1 to GW.

Simple models of typical structures have indicated that the
weight of the structure will be approximately proportional to
ratios of the design loads. This is, of course, most true
when relatively small changes are considered.

The types of loads which design the separate components will
vary between types of helicopters and even between different
helicopters of the same type. Some elements are not strictly
designed by loads, for example, by the use of minimum gage
skins and landing gear mechanisms.

Because of the great uncertainty in generalizing the struc-
tural weight changes a simple but reasonable approximation is
made in the model used in this study. It is assumed that the
change in weight of the fuselage, tail, and landing gear of
the second design point vehicle is directly propDrtional to
the chaxge in gross weight from the first point design.
Typically, the structure involved here represents about 10
percent of the gross weight, and a 50-percent increase in
gross weight will result in a structural weight increase of
about 5 percent of the gross weight.

The computer program allows easy modification of this
approximation when it is considered necessary and when
specific aircraft are being studied.

Drive System

The methods developed in Reference 2 were used to determine
the rate-of-weight change with torque for the main trans-
mission. The analysis includes the optimized weights of
shafts, bearings, case, and all gears. For this study, the
following gross weight helicopters were studied: 3000, 15,000,
25,000, 100,000, 200,000. These are consi-ared typical of
observation, utility, gunship, cargo, and crane heliccpters.

Figure 12 illustrates the results of the analysis. While
the data has been specifically obtained for the main trans-
mission, the percentage change is assumed to apply to the
entire drive system.

34



10 - 2

10 -II

< -4 _.

10-

10 i0 00 000 0,000

MAIN ROTOlR TOROUE, Q, LB-IN. x 10 3

SFigure 12. Main Transmission, Rate of Chane

~of Weight Per Unit Chane inITorque.
_ 35

=



Rotor

The relationship between rotor torque and weight-change-with
torque is determined. To facilitate this, it was decided to
limit the study to the components which are more directly
related to the imposed loads. These consist of the blades
and the hub. The retentions, controls, bearings, etc., can
be idealized structurally: however, because these items have
so many mechanical configurations, the calculated component
weights would vary directly from actual cases. It is assumed
that the weights of these items vary identically as the
analytically determined blades and hub.

The approach used nere is as follows.

1. Assemble data providing design para-meters (disc
loading, tip speed, etc.) for various gross
weight helicopters. Fit equations to these data.

2. Choose materials and appropriate working properties.

3. Define configuration to be modeled. Write equations
defining structure.

4. Define load conditions.

5. Determine minimum weight configuration for each
point chosen for analysis.

6. For each point, increase and decrease gross weight
by five percent and determine optimum weights for
each new point.

7. Analyze the hub in a similar manner.

Design Equations - The design equations were derived
from the data of Table IV which is considered to be
typical of the five types of helicopters.
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TABLE IV. TYPICAL PARA.METERS

ICategory Observ Utility Gunship Transport Crane

Nominal G.W. 3000 15,000 15,000 70,000 150,000

IRotor
Disc Loadina 4 8 9 9 9
Tip Speed 650 700 700 700 750
Solidity .05 .1 .1 .1125 .1
Blade Loadina 80 80 90 80 90
Number of Blades 4 4 4 5 6
Aspect Ratio 25.4 12.7 12.7 14.14 19.1

From the foregoina data, the following equations are derived
for rotor blades.

R =.564(GW/DL)"5

CB = R/AR

DL = 9.27515 - 15680.1/GW

QMR = .58296(GW) /(DL)

= 11948(DL/GW) 5

Materials - Blade section materials were chosen as
given in Table V.

Configuration - A typical configuration was selected
as follows:

(a) Symmetrical Airfoil 00 Series
(b) Mass Balanced Blade at 1/4 Chord
(c) Inboard Extension of Mass Balance to be a Variable
(d) Thickness Ratio = .12
(e) Trailing Edge Cap Lenath = .05 CB
(f) Spar Wall = .08 x .12 CB = .0096 CB
(g) Spar Width "x" is Variable
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TABLE V. BLADE MATERIALS

Design Design
Lb-In. Static Fatigue

Element Material Density Strength Strength Comments

Spar 2014 Al ir-l 68,000 6000 Structura'l
Member

Mass Balance Lead .4 - - -

pline Cap Al .1(1 - - -

E Cap Al .101 - - -

pline Honeycomb .0018 - - -

nd Glue .0743 - -

(Lb-Ft

The unit weights of the separate elemert.s are found to
be of the following form: (Weights in lb/in. of length,
where CB is blade chord and X is spar width)

Spar: W1 = .00097 CB (2X + .17 CB)

Core: W2 = .000108 (CB(CB-X) - .0025(CB3/(CB-X))

Core Cap: W3 = .000024 CB(.0036 CB2 + (CB-X) 2 )

22Core Glue: W4 = .00103 (.0036 CB + (CB-X)2)
43

Trailing Edge Cap: W5 = .0000152 CB3/(CB-.)

Mass Balance: W6 = .0453(CB) x - .000435 CB 2

The area of the spar:

A = .0192 CB(X + .085 CB)

Load Conditions - The following load conditions were
considered: Centrifugal loading, edgewise moment
(starting torque with limit torque factor of 2), and droop
bending moment (limit factor of 2.67). Because no
general fatigue criteria due to flatwise bending could
be developed, this condition was excluded.
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Minimum Weicht Confiquration

The minimum weight blades meeting the strenqth requirements
was obtained. This data is given in Table VI.

TABLE VI. WEIGHT ANALYSIS - BLADES Ai!D HUB

Total Blade Hub & Blade
G. il. Weiaht Hub Weight Weiqht
(lb) (ib) (ib) (Ib)

3,150 147.56 15.00 162.56
3,000 130.33 14.31 144.64
2,b50 120.67 13.73 134.40

15,750 870.96 70.16 941.12
15,000 796.51 65.16 861.67
14,250 724.16 61.24 785.40

26,250 1930.56 138.80 2069.36
25,000 1811.43 130.62 1942.05
23,750 1690.25 122.51 1812.76

73,500 8397.16 636.22 9033.38
70,000 7945.01 600.14 8545.15
66,500 7498.49 563.84 8062.33

157,500 22948.80 1970.38 24919.20
150,000 21967.50 1849.78 23817.30
142,500 21050.20 1739.41 22789.60

Vary Gross Weight - The gross weight was varied by +5
percent, and the blade weights were obtained as above
and are also given in Table VI.

Anal ze Hub - A similar analysis was performed for the
hub. The results are given in Table VI.

The resulting data is given on Figure 13.
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EFFECTIVENESS

It is the basic premise of the study that helicopters de-
signed structurally for operation at off-design conditions
will be heavier and costlier than those whose structure is
designed at the same point at its powerplant. However, it is
believed that when the entire operating spectrum of a heli-
copter is examined, it will be found that the extra capacity
of the overdesigned heliccpter will more than compensate for
its additional size, weight, and cost. Thus, each of the
helicopter types analyzed - utility, cargo, crane, observa-
tion, and gunship - is analyzed for itL overall effectiveness
in performing its intended functions at both desiqn and off-
design conditions.

Mission Parameters

As in other parts of the model, the primary emphasis of sub-
models used to calculate mission effectiveness is on deter-
mining the differences in effectiveness between a helicopter
designed with a single, arbitrary design point and a heli-
copter designed with an additional, more structurally
demanding desian Doint. Hence, the mission effectiveness
measures are those which concentrate on evaluating these
differences, once a suitable base is established. The base
or reference level mission effectiveness for each tvpe of
helicopter is established by its design point requirements.
7hese recuirements are the performance parameters and
associated data derived from mission analyses. The mission
analyses translate operational requirements (num'-bers of troops
to be airlifted, distance from troop bases to the foiward edge
of the battle area (FEBA}, weapons compliments, supply levels
and resupply rates, etc.) into design requirements for the
helicopters (payload, range, speed, OG hover requirements,
etc.). And these design requirements are specified such that
under the most severe, or nearly most severe, conditions,
the helice.ter will be able to perform its required mission.

in the case of a transport helicopter for example, the
payload may be specified as so many troops and/or equipment
and cargo, the range as that necessary to move the payload
from staging areas to the FEBA, the speed as that required
to achieve the required reaction time cr resupply rate, and
so forth. To permit sizing of the powerplant, it is
necessary to specify a stringent combination of hover
altitude, temper,,ture, climb rate, and Dower marcins that
the aircraft must be able to perform with its design pavload-
For either a single-point design helicopter, or a helicopter
with two design points, this requirem,_nt would be the same.
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Similarly, for either a single- or two-point design helicopter,
the required cruise speed would be the same. When the trans-
port helicopter is operating at off-design conditions, its
cruise speed could be modified, or its range, or any other
pertinent parameter within its capabilities. In general,
however, it is more appropriate to fix these values at their
required levels and to examine the change in the helicopter's a
"essential" operational parameters. In the case of a trans-
port helicopter this would be payload. Thus, the appropriate
measure of mission effectiveness to be analyzed in this study
for the transport helicopter would be its payload.

For the purposes of comparing helicopters with two design
points to those with a single-point design, payload is an
excellent mission measure of effectiveness (MOE) for all of
the helicopter types to be analyzed by the model except for
the observation helicopter. Both utility and crane heli-
copters have payload as their primary variable requirement,
with range, speed, etc., set by operational requirements thatmust be met (but not necessarily exceeded) under any payload

conditions.

For the armed helicopter, performance at high speeds is a
primary design requirement, along with weapons load. But
again, payload has been selected as the variable design
para-mter for the mission MOE; the assumption has been made
that the design value of speed (and the associated maneuver
load criteria) was selected after trading off payload versus
rapidly increasing comonent weights, particularly the rotor,
at higher speeds. At these conditions, there is much more
leverage in increasing payload than there is in increasingspeed, because of the design limitations of the helicopter.
In addition, only a small portion of the helicopters'
flight time will be spent at the maximum conditions, thus
arguing that increasing capability (payload) at lower speeds
is the preferred way to increase overall mission effective-
ness.

For the observation helicopter, the r-rimarv performance
parameter is time-on-station or time on patrol which can be
expressed sirmly as endurance at stated conditions (best
speed for range, best spee_ for endurance, etc). Since
payload is relatively fixed (observer, trackina equipment,
etc.), and other performance parameters like speed are not
dominating requirements, endurance at a nominal patrol speed
has been selected as the apropriate mission ME for the
observation helicopter.
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Operational Parameters

Operational parameters are those parameters which define the
total environment, both natural and man-made, within which
the helicopter will operate. These parameters are included
in the analyses defining the helicopter design requirements
and can significantly influence intended operation of the
helicopter if they are different from those designed for.

In this study, the only environmental para ieter which mustbe included in the two-point design analysis is the altitude-
temperature profile that the helicoDter must operate in.
However, this combined parameter is extrex-ely important since
it determines the off-design capability of the power system
of a helicopter, and hence, its overall mission effectiveness
parameter (payload or endurance).

A helicopter designed to hover with a specific payload at a
specific altitude and temperature has a specific design
horsepower powerDlant requirement. At different altitudes
and te.-eratures, its powerplant will deliver different power,
and,hence, its payl6ad (or fuel load) capacity will also
vary. Thus it will achieve different levels of mission
effectiveness (payload or endurance) depending on the con-
ditions under which it must hover durina the course of a
mission. The most concise and unambiguous method to analyze
this problem is presented in Reference 3, and is the method
used in this study. In this method, a joint temperature -
altitude probabilitv distributic., for a civen geoaranhic area
is prepared first. An example of such a distribution is
shown in Figure 14. The data for both altitude and temnera-
ture for this study were taken from the abovie reference, and
an explanation of how the data are obtained and processed is
given there.

The data shown. in Ficure 14 are used to calculate the overall
probability that a given helicopter carrying a given payload
and fuel load can hover in the specified environment. This
is done by determininC the maximum temperature that the air-
craft can hover at for a given gross weight at a Iihen
altitude. This point is plotted on Che graph, and after
several more points are calculated, a line, such as that
labeled "GW', can be drawn. 'ne process can be repeated
for any other gross weight as well (GW2 , GW3 ). This line
represents the combination of altitudes and temperatures
above which (higher altitudes and/or higher temeratures)
the helicopter cannot hover, and hei1ce, cannot zerform its
mission. The prooortion of area of the chart below this
line, cormared to the total area of th e chart, is then
numerically equal to the probability that the helicopter can

43



5000 GW G'2 GW3

01.

3000 -. 9

En

C;C

1000

.60

500 
j

-0.3

-
0-

0 0..2608 .LIMIT I.nkT ITVO MEAU7-RVETAvIur 14 I -r iCl A d a u a a
S~A J Li44



perform its mission in ihe given environment at the specified
gross weiqht.

The process described above derives the probability of hover,
or the probability that the helicopter can perform its
mission under qiven conditions. To measure overall effec-
tiveness, several different combinations of Pavload and
environment must be considered. The method of handlina
several different payload levels is discussed in the next
section. The method used in the model to account for
operations in several different environments is discussed
below.

To simplify the computation of overall hover probability in
the areas of the world of prime interest to the Army,
the characteristics of 19 countries contiguous to the
Sino--Soviet block were combined. These are the same areas
use in the analysis referenced above, and are listed in
Table VII. The altitude and temperature profiles of the
countries were combined to form an overall "world" altitude-
temperature profile.

For c)mbining altitude data, the probability of beinq at
or belDw a given altitude is equivalent to the percentage
of lan-i at or below that given altitude if it is equally
likely that one could or would be placed anywhere in the
total land area. Thus,

P .

j cum jcum Z
kAk

where:

f. is the frequency of occurrence or cumulative
3 probability of being placed at the j-th altitude
within the combined area of the k countries.

P is the fiequency of occurrence or cumulativejk probabilit' of beinq placed at the j-th altitude

within the k-th country.

Ak is the area of the k-th country.
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TABLE VII. AREAS USED IN HOVER PROBABILITY CALCULATIONS

1. West Germany
2. France
3. Italy
4. Spain
5. Turkey
6. Syria - Lebanon
7. Saudi-Arabia
8. Iraq
9. Iran

10. Afghanistan
11. West Pakistan (Pakistan)
12. India
13. East Pakistan (Bangledesh)
14. Burma
15. Thailand
16. Laos
17. Cambodia
18. Viet Nam (North and South)
19. South Korea

For temperature, it is necessary to combine the temperature/
probability data in such a way as to preserve the relation-
ship between temperature and altitude. Hence, temperature
should be derived on a weighted basis for each altitude
investigated. Treatina the probability of a temnerature
occurring as its frequency of occurrence:

kE P.. A.

f cum =ij cum -k z 1k

k Ajk

where:

f.. is the cumulative frequency of occurrence of
1) temperature Ti at altitude hj within the combined

areas of the k countries.

Pij is the probability of Ti occurrina at hj in eachik of the k countries.

Ajk is the area of each country at the altitude h .j
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For altitude, the simple calculation can be performed by
multiplying the percentage of total area represented by a
country and the cumulative percentage of area in that
country at or belo,: a given altitude to obtain the fraction
of the total area of all of the countries at or below a
given altitude represented by that country. For a given
altitude, when this is done for each country and the results
added, the total represents the cumulative percentace of
the total area at or below the given altitude. Thus:

cum j k cum jk (Ak/A)

For combininq temperature data, the process is more com-
plicated. Here, it is necessary to weight a given
temperature value by both its frequency of occurrence in
a given country at a given altitude and by the percentage
of area of a qiven country at that altitude. Cumulative
frequencies of temperature for a given temperature level,
multiplied by the fraction (not cumulative) of area repre-
sented at a given altitude yields the cumulative frequency
of occurrence of the temperature at the altitude of interest.
Thus:

Pi(cum)j = P i(cum)jk x (Ajk/Aj)

Since the altitude/fraction data is given on a cumulative
basis for each country, a method to derive a frequency dis-
tribution histoaram must be devised so that area fractions
can be assigned to each altitude for each country. if a
very larae number of altitudes were being investiqated, the
histoaram would closely approach the actual frequency dis-
tribution. However, only a limited number of altitades were
calculated in the current calculation. ApDlvino the histo-
-ram approach to the entire altitude distribution curve
might result in a rather gross histoaram where much area
would be represented by a sinqle altitude. However, since
the accuracy of the source cumulative frequency distributions
for temperature (and altitude to some extent) is somewhat
questionable (as indicated bv the methods used to derive these
data in Reference 4), extreme care with development of a
histoaram is probably not warranted considering the overall
temperature accuracy.

To derive a consistent weiqhtinq function for the temperature
data at each altitude, a sampling approach was used. Here,
a narrow band of altitudes was selected around each altitude
for which weighting data were required. This number was used
as the weightinq factor. The size of this number depends on
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= two things: (a) the size of the country; and (b) the slope
of the altitude distribution curve in the band selected.
Obviously, the size of the country should have an effect on
the weiqhting of the temperature. The local slope indicates
how rapidly area is beina added to the cumulative distribution
and thus reflects the percentage of area considered as
representative at a given altitude.

After performing the necessary computations, the cumulative
joint probability distribution for altitude and temperature
was obtained. These data are shown in Fiqure 15 and were
prepared in tabular form for use in the comouter model.

Utilization Parameters

The previous sections discussed the choice of payload or
endurance as mission effectiveness narameters, and how
environmental conditions of hover altitude and temoerature
affect the helicopter's ability to perform its mission.
The latter factor is dependent upon the amount of payload
or endurance required, which in turn, depends on how the
helicopter is utilized. Thus, a third factor to be con-
sidered in determining the effectiveness of a helicootir is
the relative frequency with which it will operate with a
given payload or endurance (fuel load) over its ooerational
lifetime.

An example of utilization data is shown in Fiqure 16, which
was prepared using data from Reference 5. These data illus-
trate typical utilization patterns for utilit, transport obser-
vation, crane, and gunship helicopters. Unfortunately, many
assumptions would have to be made to derive a relationship
between the qross weight distributions shown in Fiaure 16
and the corresponding payload/fuel load distribution. Since
this analysis was beyond the scope of the current studv, this
effort was not conducted. However, it was recoanized that
this could be an important factor in determininq overall
effectiveness and in optimizinq selection of a second desian
point. Hence, provision was made in the effectiveness model,
and the computer program, for includina this factor in the
effectiveness calculation.

Effectivenes. F-uations

The basic equation used to calculate the effectiveness of
a helicopter is:

MEI = (PL) (PIIOV) (PUF)
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The use of this effectiveness index is illustrated below.

It is desired to determine the optimum two-point design of a
transport helicopter with a given design payload requirement
at a hover condition of 4000 ft, 95*F, 300 ft/min rate of
climb. The ship must have a range of 300 NM, a cruise speed
of 160 knots, etc. Using the techniques described in pre-
vious sections, two helicopters are "designed": a helicopter
with a single-point design (4000 ft/95*F) and a helicopter
with two design points (4000 ft/95*F, 2000 ft/751F). These
helicopters have different gross weights and empty weights,
but a common design payload.

To compare their respective effectiveness levels, representa-
tive payloads spanning their range of capabilities will be
used, from 0 payload up to a payload that overloads the
helicopter, say 10 percent over design payload. Using these
payloads, a utilization frequency is obtained for each level.
These are the same for either helicopter, since the payloadincrements match. However, the gross weight level associated
with each payload level is di-fferent, depending on which

helicopter is examined. This results in a different prob-
ability of hover, which in turn, affects the effectiveness
index. After the effectiveness index is calculated for each
payload increaent, the sum yields the overall effectiveness
index for each helicopter.

A samole calculation illustrating this technique is shown
in Table VIII. included in the table is a cost factor
covering life cycle costs for each helicopter. A detailed
explanation of how these costs are calculated is given in
the next section. If costs are included, a cost effective-
ness index can be calculated rather than just a simple
effectiveness index. Thus

kOCE= (PL) (PHOV) (PUF)

j=0 CPFH

where:
CPFH is the total cost per flight hour for the helicopter.

After examining the case for the two-point design helicopter
described above, another calculation can be performed for
another one (say 4000 ft/95 0F, 3000 ft/750F). Several of
these calculations then lead to a series of opti#ization

curves, from which the optimum second design point for the
helicopter with the given mission requirements can be
determined.
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COST MODEL

The cost model is a statistical approach to aircyaft cost
estimating. The cost estimating relationships utilize
empirically derived cost functions. The costs have been
functionallv related to basic aircraft parameters such as
empty weight of airframe and installed power of engine. The
model is sufficiently detailed to distinguish Lst dif-
ferentials between two-point design and single-point design
helicopters. This approach allows cost estimates to be made
based on primary aircraft parameters before a detailed desian
is actually completed. The cost model is b':oadly divided
into initial and operating costs as illustrated in Figure 17.

Initial Costs

Initial Production costs are based on a ridel evolved by
E. H. Yates (References 6 and 7). The production costs are
subdivided into airframe, enaines, and c,overnment-fu:nished
aircraft ecuipment (GFAE).

Airframe direct labor costs were derived from direct labor
man-hour data contained in Aeronauticl Manufacturers ilannina
Reports (AMPR). The costs were estimated on a per-pound
basis at production number 1000. Thc averaae labor learning
curve as a function of production nunber, NP, is:

C = 43.12 (N-P)

The airframe labor cost, in dollar3, is given in terms of
AMPR weight*, WA, in p ounds;

Labor Cost 17.63 WA 8 5

Thus, when ccmbined with the learning carve, the airframe
labor cost is

85 -. 39
CL = 760.2 wa (NP)

where CL is in dollars and WA is expressed in pounds.

* MPR weioht is Aeronautical Manufacturers' Planning Report
weiaht which is empty weight of aircraft less (1) wheels
and brakes, (2) engines, (3) starter, (4) cooling fluids,
(5) instruments, etc.
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The cost for airframe materials for subsonic aircraft was
found to be a function of airspeed as well as weight and
number produced. The following relationship is for fixed-
wing aircraft, but since its effect is small and a better
relationshio was not found, airframe material cost is defined
as:

CM .0 0 7(WA)/(jp) .12 1.24CM =.00(WA~(!I) "(TAS)

where TAS is tna aircraft speed in knots.

umulative average engineering and tooling costs per airframe
are related to the total number of units planned for produc-
tion. Based on Post World W-ar Ii aircraft the relationship
for engineering and tooling costs is:

CET = WA(220/NP + 7.5!NP "

where IP is the numzber of units plan. ed for production.

There are additional costs which must be added to the above
costs. These are general and administrative expense (GA),
engineering change proposals (ECP), and profit (P). The
following relations apply:

GA = 0.l(CL + CM)

ECP = 9.1(CL + CM + CET + GA)

P = 0.1(CL + CM + CET + GA + ECP)

:n zhe e-uations above, the AMR weight, WA, is related to
tB a emty weight, WEM, by

WA = .749 WEM + .126

The correlation coefficient of this equation is .997 with a
standard error of .356 kilo-pounds (~ierence 7i.

Data for 17 turboshaft engines were analyzed. The best least-
squares fit was made to obtain the follouing relationships:

CE = PRA(58 - .006 P.A/NEN) PRA < 3500 HP

CE = NE (i29,500 " 37(P.RA/IEN - 3500) P;A > 3500 HP

wnere PRA is in horsepower per engine and CE is in dollars.



The GFAE category usually includes the cost of ordnance and
armament and electronics that are not an integral part of the
airframe and engines. This cost item is highly dependent on
mission objectives and type of helicopter, and therefore, is
quite sensitive to the function of the aircraft. For this
cost model, insufficient data exists to derive a cost

estimating relationship for the various types of helicopters,
i.e., utility, observation, gunship, etc. An estimation
equation with limited data was found to be:

CG = -3760 + 4.79 WA

The initial costs are plotted in Figure 18 for production
number of 100 of a 120-knot helicopter.

The cost of production (CP) is then defined by:

CP = 1.321 C1. + 1.331 CM 1.21 CET + CE + CG

To simplify the model, the constants are included in the
individual terms to yield:

CL = 1011 ( A (NP)

CM = .00931(WA)(TAS)V /(NP)--

CET = l.21(WA) (220/ (NP) .7S5(N) )

and

CP = CL + CM + CET + CE + CG

The costs of attrition (CA) and initial spares (CI) are

defined as:

CA (YAR) (CP) (SL)/(NP)

and

Ci = .(cF)

The production, spares, and attrition costs are surc
to form:

CPiA= C? + CI + CA

Operating Costs

The operating cost portion of the mode] Is broken down into
three main categories, as 1s shown in F:cjrc 17: raintenance,
direct operating costs, and attrition.
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Miaintenance costs consist of overhaul parts and labor and
field maintenance. The field maintenance category includes
labor, stock fund parts, and PEMA (Procurement of Equiment
and Missiles, Azrmy) parts. Thne direct operating costs are
comoosed of crew costs and netroletunm, oil and lubrication
(POL).

A regression analvsis was Derfornod on the operating costs
(Reference 9) of 17 Army helicopters to determine cost es-
timating relatonships. The correlations are based on the
empty weight, WME-, of the heliconter. Tnese operating cost
estimating relationships are given below:

C-M- = .00191 Wmi" T2 3 7I/T

COPL = 1.016 WEM' /? WE_ 3200 lb

C'POL = .0038 WEM' 8 " j

CFM -87.6 + .05362 WEM "-N!) II
COPL = 18.16 + .00233 W M (_T.' [T WE 3200 lb

CPOL = -2.5 + .00235 WE!C

CC = 101 + .0033 .EM

The fuel costs can be described by the above statistical
relationship but since the actual fuel lead is calcutlatei,t-e fuel cost can be calculated using:

CFU = .25 WF/6.5

The expression for the maintenance operatino (Cr1M) costs is
for average operating conditions. If the helicopter 1
onerated at an overloaded or underloaded condition, thaintenance costs A.l di-

s will differ from these. This comes about
due to a change in the averace failure rate of co-onents of
the helicopter system. Maintenance costs are inversely
proportional to the mean ti- bet--een failures. To dete- .he
the mean time between failure, the probability of failure as
a function of loading was related to the probabilitv of
failure as a function of tie.

Thn orobability of failure, P(L), as a fum-ction of load, L,
is typically of the form (Refrences 10 and 11):

P_(L) = I- ex- {- (L 2
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The probability of failure as a function of time shown is of
the form;

4-

PF (t,T) = 1 - exp (-.693 T)

where T is the mean time between failure.

When the elapsed time t = T, the probability of failure is
.5; i.e., at the mean time between failure the probability of
failure is 53%. This corresponds to an average loading of
the helicopter (L = 1). If the loading is increased to
L = 1.4 for example, the probability of failure increases to
.9. A failure probability of .9 at time Tl determines a new
failure curve and thus defines a new MTBF which is T2. In
other words

PF(L) = PF(Tl, T2)

resulting in
T2 = .693
T! + a '

Thus, the new MTBF, T2, is determined from the load factorI and Ti.
The mean-time-between-maintenance action, Tl, was determined
from data in Reference 1.2. Failure rates per flight hour
were de.ermined for 35 systems included in helicopters. From
this data, '.he average flight hours per failure was determined
and was correlated to the empty weight, WE, of the helicopter.
The relationship is

T = .6778 +
WE

where T is the average mean time between failures in hours
and WE is the empty weight in pounds.

The loaded maintenance costs are then obtained by multiplying
the above equation for CFM by the invorse ratio of the mean
time between failures.

The above relationships result in the relationship

3
T/TN = .693/((OLF + .0117)/1.15)
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where T, TN are the actual and the normal mean time between
failures. OLF is the overload factor and is the ratio of the
gross weight to the design gross weight. In practice, it is
found that in effect that OLF is never less thai .5, corres-
ponding to T/TNI of 7.6. This implies that maintenance is
still petformed even if the heliropter is not flown. When
OLF > 1.5, catastrophic failure occurs.

The costs are all reduced to cost per flight hour using the
following equation:

CPFH = CPIA/(12(MFH)SL) + CD + CMT + 60 CFUL/TTIM

where TTIM is mission time in minutes and CPFH is in $/hr.
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COMPUTATIONAL METHOD - USER'S GUIDE TO ZODIAC II

The elements of the analytical model described above must,
of necessity, originate in several different sections of an
Engineering Department. Each of these model elements is
subject to minor or major changes due to variations in
mission and helicopter type under study, technology level,
design philosophy, data available, or budgetary considera-
tions. The overall logic is similarly subject to chanqes
for these reasons and, in addition, because of the particular
parameters to be varied and because of variations in the
purpose of the study.

The conventional approach to this modeling study would range
from a simple computer program which would have to be re-
nrogrammed for each of the many modifications in the model
to a complex program which includes prior provisions for all
the possible modes of operation. The objections to these
methods include the high cost of many changes (for the simple
program) or high initial costs (for the complex program), the
difficulty of varying modes of operation; changing criteria;
and expanding capabilities. The most serious disadvantage,
however, is the fact that the engineer is left out of the
decision loop. Typically, the engineer would describe his
requirements to a programmer (or make major program changes
himself), or he would select options from a coded table. In
this environment of continual change, the risk of gettina
meaningless data is significant.

The approach selected here for implementation is an outgrowth
of a computer program originally devised at Kaman primarily
for weiqhts analyses, where typically the analytical models
are continuously changing. This program, called ZODIAC, is
described in Reference 13.

The primary motivation in the development of this program
was that it should be a tool which is completely meaningful
to, usable, and changeable by an engineer with no or little
programming experience. It is believed that this objective
has been achieved in ZODIAC II.

PROGRAM FEATURES

Prior to describing the program usage in detail, some of the
features and the organization will be discussed. Examoles of
all thcse features can be found in the listiJngs of the model
formulations in Appendix II.
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Modular Organization

The analytical model is divided into separate computational
units called "modules". Each module generally is used to
carry out one logically self-contained computation. Examples
were discussed in the previous section on the Aiialytical
Model. Typically, individual modules will represent computa-
tions like statistical weight, mission fuel requirements,
initial costs, mission effectiveness, etc. Many of the
quantities involved in the module will not be used any place
else in the model. Only these variables which are shared in
common with other modules must be specified. The module will
consist almost entirely of the equations which define the
computation. Each module must have a name so that it may be
referred to by the "control module". Modules may be easily
changed by adding, removing, or changing equations or the
entire module.

Control Module

The overall logic of the analytical model is carried out by
the "control module". This portion of the program consists
mainly of instructions specifying which module to run next.
The same module may be run more than one time by the control
module.

Logical Operations

The number of types of logical operations has been limited
to true operational decision making functions. It is pre-
ferred that the engineer change his model to reflect changed
ground rules rather than include several possibilities and
choose between them with pseudo-logical input codes. In this
manner the engineer is always fully cognizant of his model
and it is always under his full control. This approach is
possible because of the ease and safety with which such
changes can be made. The two major logical operations includ-
ed are: (1) automatic iteration within a module or around
several modules (as is commonly used in weight estimation
or in determining the power for maximum range); and (2) a
conditional evaluation of a variable (as miqht be used to
prevent a power required computation from exceeding some
torque limitation).

Equation Form

The actual equations make up almost all of the model. The
equations are written in algebraic form (consistent with
FORTRAN) and allow all arithmetic operations including
exponentiation. See listinqs in Appendix II for many examples.
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Table Look Up

Since tabular data will normally make up a substantial
portion of the input data to any modeling program, ZODIAC II
has an automatic table look up feature. Linear interpolation
of tables with up to three independent variables is auto-
matically performed.

Input Data

Input of data is extremely simple. The program does not
presuppose any point of input or any particular data. Data
is always self-identified and may be freely input with the
modules. Additional input may be called for during the
running by the simple statement, READ. At this point, any
desired data may be input or changed.

Output of Data

Output is also extremely simple. All that is required is the
simple statement PRINT, followed by a list of the variables.
On output each quantity is automatically identified.

The input and nutput procedures are especially convenient
when compared to more formal languages, like FORTRAN, where
typically many programming hours are spent deciding on all
the input options and output formats.

Checks

Because of the free form of computation allowed, it is
necessary for the program to include a number of built-in
automatic checks. If a variable used in an equation has
not been previously input or calcul-ted, a warning message
is printed. If it is necessary to extrapolate during a
table look ,p, a warning message is also printed. If the
equations in a module cannot be evaluated in the order pre-
sented, they are automatically rearranged and an error is
indicated if appropriate.
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USERS RULES

The rules for using ZODIAC II are quite simple, and all one
needs to know is specified in detail in the following pages.
In some cases comments meant for FORTRAN programmers are
included in parenthesis. These comments should be ignored
by engineers not familiar with FORTRAN. There are a few
definitions required prior to discussion of the allowable
statements:

Statement - meaningful (to the computer) contents of
a punched card

Variable - an algebraic quantity whose name has from
1-4 letters or numbers, the first of which
must be a letter. Examples: A, QMR, B123,
A7L6. If the variable is common (see
below) its name may be preceded by a S.

Constant - a number. It may be positive or neaative,
it may or may not have a decimal, and it
may contain an exponential. Examples: 12,
]5.7, 1.73E-5(= 1.73 x 10-5), 6.54E16,
2E10.

The followina codes are used in the followina sections.

v variable

c constant

vc - variable or constant

n name

Capital letters indicate precise wcrds required as Dart of
the statement. Blanks are ianored and may be used anvDlace
on cards for clarity (with the sinale exception of input
table data).

All statements may be followed by comments on the same card
provided a semicolon (11-8-6 punch) is used to separate the
two.

There zre three qroups of statements: Control Module State-
ments, Module Statenents, and Data Statements. These will be
discussed separately.
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Control Module Statements

The control module is used to specify the order of computation
and includes the major logic of the simulation. Unless other-
wise instructed the sti.tements are carried out in the order
shown. The zkllowable statements are listed and then
described i-nediately foliwinq.

RUN MOD n

v = simple exoressicn

POINT n

IT-ERATE ON -7, ATOL = vc, PTOL = vc, TIMES = c, FROM n

CO.NON v, v, v...

(LT )
IF vc IS EQ vc, GO TO n

(T)

GO TO n

READ

PRINT v, v, v...

RUN MOD n (1-20 characters) - This statement causes the
named module to be run. The name specified must also
appear on a Module Name statement in the module which
is to be run. (This is similar to a call statement in
FORTRPN, but no arqturent list is used.)

v = simle expression - This statement ii used to
perform simrle arithmetic in the control module. A
simple exoression is one which involves addition or
subtraction of two terms, or a 3inge term. The
two forms which" this t.'pe . tatement can have are
shown below.

V VC + Vc

v v~

Point = n - This statem.ent specifies a point in the
control moduile which mav be ,efe.cnced by an ITERATE:
IF or GO TO statement. The point name soecified must
follow the sarne rules as a variable narne and it may
not appear in the control module as a variable rame.
Its use will be clear when the mentioned staterwnts
are discussed.
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ITERATE ON v, ATOL = vc, PTOL = vc, TIMES = c, FROM I -

This causes the program to iterate on the statements
which are located between the POINT specified by FROM n

kand the iterate statenent. Iteration will continue
until two successive values of the variable specified
by ON v are within the limits set by ATOL or PTOL or
until the number of iterations exceeds the amount
specified by TIMES. The details for each specification
are as follows.

ON v - The variable which is specified is the variable
on which iteration will occur. This specification is
optional, if it is omitted the computations will be
repeated the number of tir..es specified by TIMES.

ATOL = vc, PTOL = vc - Both ATOL and PTOL are us.,d as
a test for convergence of the variable specified in the
ON specification. ATOL is an absolute tolerance and
PTOL is a percent tolerance. Both ATOL and ?TOL are
optional, but both are omitted, PTOL is set equal to
5 percent. For convergence, one or both of the
following must be true:

Iv i - vil < ATOL

and/or ivi _ Vi
100 < PTOL

Ivil

Note that PTOL is put in in percent not decimal.

TIMES = c - This specification is used to specify the
maximun number of iterations to be allowed. If con-
vergence is not obtained before the number specified
by TIMES is exceeded, iteration stops and an error
message is printed out.

FROM = n - This specifies from which POINT in the
program iteration is to occur. The point name
specified must be on a POINT statement which must
precede the ITERATE statement.
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COMMON v, v, v - A COMMON statement is used to specify
variables which are used in other modules. The order
in which variab.es appear on the card is not important,
but the variabl- name must be the came in both modules.
A $ precedinq a variable name has the same effect as
placing the vaiiable name in a COMMON statement. A
common statement must appear in a module before any of
the variables 3n it are used. This statement is nor-
mally placed at the beginning of the module. Each card
may contain ur to 40 variables. As many COMNMON ca,'ds
as necessary nay be used. (As distinguished from
FORTRAN the o:der of the names is immaterial, only the
names themselves are important.)

(LT)
IF vc IS EQ vc, GO TO n - In this statement a test is

(GT)
made to determine if the left variable or constant is
les., than (T), equal to (EQ), or greater than (GT) the
riqht variable or constant. If the statement is found to
be true, the'i the module branches to POINT n. If the
statement is not true, the next statement following the
IF statement is executed.

GO TO n - This statement causes a branch to POINT n.
The next computation to be performed immediately follows
the POINT n. Note that a GO TO should be followed bv a
POINT statement or be at the end of the module since
there is no way of getting to a statement which follows
a GO TO unless it is a POINT statement.

READ - This statement will cause data to be read into
the next module before it is run. The rules for the
data statements are specified elsewhere. (No specifica-
tion is made as to what or how much data is to be read,
this is defined on the input carns.)

PRINT v, v, v - This statement causes the values of the
variables to be Printed and identified in a standard
format, five to the line.

Module Statements

The module contains primarily comoutation and a minimum of
logical instructions. The allowable stateints and their
descriDtions are as follows:
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MODULE NAME =n

v = aeneral exoression

v = TABLE table name (vc, vc, VC)

ITERATE ON v, ATOL = vc, PTOL = vc, TIMES c

INITIALIZE v = c, v c

CO1MMON v, v, v...

(LT)
IF VC IS EQ vc, vc = general ex-ression

(GT)

PRINT v, v, v

NO ORDER

MODULE NAME = n - Thic statement cives a name to the
module. Everv modul must contain this statement.
The name can consist of from 1 to 20 alphanumeric
characters. This caid is usuall: the first one in a
module but it can be placed anywhere.

v = general expression - This is the basic s-atement
and as such, there is a whole section devoted to it.
But a few rules aret the minimum requirements are a
variable, an equals sign and either a variable or
a constarzt. Usually, the general expression is an.:
algebraic expression which conforms to standard mathe-
matical usage and consists of addition, subtraction,
multiplication, diviion, and exoonentiation. See the
section titled Syntax Rules for Expressions.

v TABLE table name (v., vc, vc) - This statement Is
used for table look uD. Up to three araurents are
allowed but oniy one is necessary. The number of
argumeents must coincide with the size of the table.
The value returned is a result of a linear interoolation.
W ....n an arcument exceeds the limits of a table, a
warning messace is printed. The rules for a table nai.k
are the same as for a variable. A1l tables are
essentiaill in COM-LMON and thus can be shared by. all
modules.
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ITERATE ON v, ATOL =vc, PTOL =vc, TIMES c -This

statement is the same as used in the Control M-odule
with the single and very inmortant exception of the
absence of the FROM specification. In a module the
whole module is iterated upnon excent the INITIALIZE
statement. The location of this statement in the
module is not i-morti-it.

INITIALITZE V =C, v ... *uD to .17 variables oer card-
The initialize statement may be used in a module which
contains an ITERATE statement. Before the first itera-
tion the variables soecified are initialized to the
snecarlfed values-

COMMON v, V, V.... - This statement is used to designate
variables which are used in or core frcm other modules.
.he rules are the same as for the Control Module state-

en. otthtonly variables which are used in the
module need to be list-ed a-nd that the order is not
sicnif:icant.

IF7 vc IS EQ vc, v =general exoression -This statement
(GT)

is similar -o the IF statement of the -Control 1Module
exceot that a general algebraic staterient is evaluatedj
j.f the logical statement is true. Th:Ls stateme-nt is
oftLen used for limitino conditions: for exanm-1e, a
stall limit migaht be imon-sed by the followino statemnts

VMAkX TABLE %,*-EL (POW, FOW)

IF V~XIS GT VSTL, VMAX =VSTL

wnlich sa--s that VMYAX will not be are;azer than VSTLu.

PRINT v, v, ... -- un to 40 variables x'cr card - Th~e
statement is the same as above excent t1-hat -reardle---

-of where it is located in the -. ~dule the data is not
urinted until the module has been run.

NO ORDE*R -Norrally a mwdule is run with the statements
in the saeorder as they were read, and if he
sequence must be changed an error m'essage -4s produced.
This StatexmentI allc-,,s the sequence to be changed without.
orccuCina an error zmessace.
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Data Statements

Data can be entered following any of the modules (including
the Control Module) when the model is first loaded into the
computer. This is done with no special instruction. For
data to be read by a module during the running of the procram,
the RUN MOD n statement is preceded by a READ statement. At
no time does the user have to specifv in the model how much
or what data is to be read.

For input of variables the following form is used on th.e
cards:

V = C, V = C, V = C...

There may be up to twenty variables Der card. The commas are
required to separate the statements. The following examole
is an illustration of two cards of data.

ALT = 2000, OAT = 35., GW = 10,000

DL = 8.5, VRC = 500.

Only variables which are referred to in a module (or in its
COMMON statement) may be entered.

Input of tables requires somewhat more care. The first card
must be of the form:

TABLE NAME = n, SIZE = (c, c, c)

This statement is used to assicn a name to a table and to
define its size. This statement must be followed by the data
for the table. The name must conform to the same rules as a
variable name. The size need oniv contain the number of
arguments needed to specify the array size; for instance, if
a table has 10 "x" values and 3 "y" values, the size would
be (10,3). The order in which the data is input is given
below. The data cards are of the form:

c c c C

Each card contains up to 8 constants. This form is used
only for table data input. This card is the only one witha soecific format. Each constant must be contained in a
field of 10 coluu.-ms, 1-10, 11-20, etc. Each constant must
also contain a decimal point. Otherwise the rules are the
same as for a normal constant. The order in which the data
is input will now be described. x, y and z correspond to the
first. second and third arguments in a v = TABLE n(x,y,z)
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statement. Consider a TABLE NAME statement with SIZE =(i, j, k). The first thing to be inxput would be i values
of x followed by j values of y and then k values of z. Thenthe table is read in with the first index varying first,
then the second, then the third. That is, the elements of
a (3,4) table would be read in this order: (1,1), (2,1),
(3,1), (1,2), (2,2),... . new card must be started whenever
oale of the indices returns to 1. The values of x, y, z mustbe in ascendina order. They may be positive or negative and
the increments need not be constant.

T--he followina is an exa.le of a table which has three x
values and four y values.

5 2.6 3.4 5.8

2.5 2.1 3.2 5.5
Y

1 1.9 2.85 5 A

0 2.0 3.0 5.5

0 10 20

X

The data cards would be as follows:

Card i Contents Cozuents

1 TABLE NAUME = E.X-', SIZE = (3, 4)

2 0 10.0 20.0 x values

3 1.0 2.5 5.0 y values

4 2.0 3.0

5 1.9 2.85 5.4

6 2.1 3.2 5.5 TabI

7 2.6 3.4 5.8
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SYNTAX RULES FOR EXPRESSIONS

The rules for general exnressions are essentially the sane
as for any algebraic expression (and are coratible with
FORTRaY,). - ,o thinas to keep. in mind are that for multiplica-
tion, the multiplication oneraror must senarate tne two
variables, and since ecuations are written on one line extra
parentheses are sometiMns required when dividina.

There are five operations which are allowed, the o=erataon
md their svyols are as follows:

Oneration Sv=ols

1. Addition

2. Subtraction

3. Multinlication

4. Division /

5. Erxenentiation-_r

There are two other vmbols which are allowed in a ceneral
expression. They are left and richt narentheses which are
used for associations and must be used in airs.

The followina are the rules for ceneral exnressions these
are a formalization of ordinarv aicebraic fo.):

I All variables and constants, excep the firs-
must be preceded b y an onerator or a left
oarenthesis. Vne first may be preceded "a

left oarenthesis or a sicn.

2. All var-iables and constants. except the last.
must ben followedv an operator or rLch
oarenthesis. The last nay be followed bv
riaht varent-lesis.

3. A leftmarenthess must be nreceded "' a left
tarenthesis or ahn o e.or unlss ,t is th&

first s'v-o I i n t-he expression , in: %-- I ch Bs-e

it mav be receded by a sian.

A.A lef par-e nthes s ust t follo-ed b a left
parenthesis, a ar:a-i.
sign.
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5. A right parenthesis must be preceded by a right
parenthesis, a variable, or a constant.

6. A right parenthesis must, unless it is the last
symbol on the card, be followed by a right
parenthesis or an operator.

7. An operator must be preceded by a variable or a
right parenthesis.

8. An operator must be followed by a left parenthesis
or a variable.

The following are examples of general expressions which
conform to the rules.

A*B + C**D

(A - B)**l 3 + (2*(3 + B - C))**(2*K)

(A + B + C)/() + E + F)

(TIM + PHSE)* PIE*2

(((X + 3)*6 + 2)*B + C)**.5

6*A + 3*B + 5/C

The order in whicn ooerations are performed are:

1. Exponentiation

Multiplication and Division

3. Addition and Subtraction

The order of evaluation is from left to right, with paren-
thetical expressions being evaluated first and then the
exoression as a whole. Note that the division operator
applies only to the variable or paz:enthetical expression
immedi4ately following it, i

A/B*C AC
B
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PROGRAM OPERATION

The first deck to be loaded must be the control module. This
is fullowed by any appropriate data. Then the individual
modules are loaded, each optionally followed by a block of
data. These modules may be loaded in any order. The order
in which they are used is solely determined by the statements
of the control module. After the last module is input,
appropriate blocks of data follow in the order in which they
will be called by READ statements during execution of the
program.

Each of the above units must be separated by an "end-of-file"
card which contains an /* in columns 1 and 2. Thus the input
deck will appear as follows:

(Control Module)/*
(Data)/*
(Module)/*
(Data)

(Module)
/*

(Last Module)

(Data)/ *

(Data,

(Data)1* I
Data input is assumed after each module. Even if no data
are entered then the two /* cards must still appear:

(Module)
/.

(Module)
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After the last module is entered, two /* cards instruct the
computer to start running the model. If the last module is
not followed by input data, then:

(W dule)/*
/*
/*

PROGRAM LIMITATIONS

The following limits exist in the present version of
ZODIAC II.

Common variables - 200 maximum

Noncommon variables - 200 maximum in a module

Constants - 200 maximum in a module

Equations - 100 maximum in a module

Tables - 20 maximum

Modules - 30 maximum

Iterate statements - 4 maximum in a module

Constants may not contain more than fifteen characters.

ERROR CODES

During operation of the program, certain violations of rules
or apparent violations of logic may occur. When this happens
a coded error message is printed. The codes are given in
Table IX.
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TABLE IX. ERROR CODES

ode Meaning

1 Number of common variables exceeds 200

2 Number of constants exceeds 200 in module

3 Number of euations exceeds 200 in module

4 Missing parenthesis

5 =" missing or incorrectl2 placed

6 Name length on data card too long

7 Constant exceeds 15 characters

8 Number of noncommon variables exceeds 200 in module

9 Undefined variable in module

10 Equations reordered - poss.ble error

11 Name of argument in table lookup too lonI

12 More than 3 arguments in a table lookup

13 Invalid character

14 Incorrect symbol

15 More than one "=" on card

16

17 Undefined 'FROM" on iteratr card

18 No name on a MODULE NAME card

19 Incorrect argument on IF card

20 Incorrect operation on IF card
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TABLE IX - Continued

Code Meaninq

21 Incorrect format on IF card

22 More than 4 ITERATE statements in a module

23 More than 30 modules

24 Illegal command

25 Number cf iteration exceeds allowed number

26 Illeqal statement in control module

27 More than 20 tables

28 Number of arquments in a table lookup is inconsistent

29 Table lookup requires extrapolation

30 Error on table input

31 More than 18 variables initialized in module

32 Invdlid operator on a control module card

33 Name too long

34 Undefined variable in control module

in general, the proqram will continue to run even though
errors are found. Invalid variables are iqnored and other
assumptions are made which will allow the completion of the
computation. Care must be exercised since some computations
with errors will be valid, some will be completely invalid,
and some will have limited meaning. This approach, however,
is expected to minimize the time required to verify a program.

The only error which will terminate a run is no. 34.
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SUGGESTIONS FOR THE NEW USER

Gaining Experience

A good way for the new user of ZODIAC II to gain familiarity
with the usage of the program is to first modify existing
models, rather than attempting to develop a complete new
analytical model.

Changes within individual modules corresponding to mission
definition changes, effectiveness criteria, statistical
weight analysis, etc., are especially straiqhtforward. It
is recommended that each equation be identified by making use
of the comment capability on each card.

A next step in the familiarization process would be to add or
delete modules and make the appropriate chanaes in the con-
trol module statements.

Making changes in the logic within the modules and especially
in the control module will complete the process of familiari-
zation. While these modifications are being performed,
computer runs using various combinations of data variations
should be conducted.

User Techniques

One of the major objectives of ZODIAC II was to make the
model formulation virtually self-exulanatory to thc
engineerinc user. This has been achieved providina the user
does not artifically complicate his model by allowing
numerous artificial choices between options, only one of
which will be used at one time. For example, it would be
tempting to a conventional nrogranurer, when developina a
module to estimate drag, to include the relationship for all
the types of helicopters and selecting the appropriate one by
a coded input such as "I" = cargo helicopter, "2' = utility
helicopter, etc. This kind of proaramminq is to be dis-
couraged because it tends to obscure the analvtical model.

It is strongly suggested that, when analyzina different
helicopters, the proper equations are placed in the proper
modules. These changes are easy to make and the enaineer
will always know what model he was usina. This, of course,
is the objective of this proaram.
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One of the qreat advantages of this rrogram is that computa-
tions can be easily performed that were not envisioned bv the
original programmer. It is suggested that the encineerina
users do not he.:itate to increase the sophistication of the
computations by adding new modules, modifyina old ones, using
new types of data.

Another advantaae of this program is that it is oossible to
vary any parameters without havinq made prior provision in
the basic program. For example, suppose it were desired to
study several combinations cf number produced (NP), monthly
flight hours (MFH) and yearly attrition rate (YAR). In this
case the control module could be preceded by a POINT and READ
statement and followed by a PRINT and an ITERATE statement
as follows:

POINT NEW
READ

Original control module

PRINT NP, YAR, MFH
ITERATE TIMES = 10, FROM NEW

This will cause data to be read in ten times and the complete
computation repeated. In readina data, note that the last
used values are in effect until a new value is computed or
read in as data. Thus, the data package following this
modified oroaram could be as follows:

/.
/* (end of model input)
NP = 1000, YAR = 0, MFH = 100/*
MFH = 300, NP = 100/*
YAR = 10/*
YAR 50, NP 1 I0/*
NP = 500
/*
YAR 10, MFH = 200/*
etc.
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Thus, it is seen that by adding the few cards shown above,
it is possible for the engineer to vary any parameters he
wishes and in any manner he wishes.

There is an area where the user must use some caution. It
was intentional in the design of ZODIAC II that no araument
list be used (as in FORTRAN), and that all interchanqe of
data between modules be carried out throuch the common
variables. This technique helps to minimize the risk of
making local chances in modules. However, if the same mo)dule

is used at more than one point in the control module, soire
of the same variables will chance their values more than
once during the comoutation. This is no problem unless it
is desired to use one of the results of an earlv use of a
module after the module has been run acain. The same effect
occurs if the same variable is computed in different modules.
For example, consider the comoutation of fuel load, WFL, at
different points in a mission where each seament makes a
comnutation of the form WFL = WFL + DELTA.

RUN MOD TAKE OFF

RUN MOD CLIMB

RUN MOD CRUISE

etc

If it is desired to know at some later point the fuel used
after takeoff but before climb, this can be accomnlished by
naming a new variable and insertino the simle ecuation as
follows:

RUN MOD TAKE OFF
WFLO = WFL

RUN MOD CLIMB

etc

WFLO will retain its value as desired. WFL must be in a
COMMON statement in the control module.

Techniques such as suacested above will be found to be
readilv picked uo by enaineers without any conventional
programaming experience in a short time.

80



METHOD APPLICATIONS

UTILITY MISSION

As an application of the techniques and conuter Drogram
discussed, a number of conditions have been analyzed. Most
of the data presented here is for the utility mission as
described in Tables I and II. In addition to the data
discussed previously, the followino parametcrs have been
used in these computations:

NP (no. of ship produced) = 1000
YAR (yearly attrition rate) = 40
SL (system life) = 10 years
WCR (crew weight) = 400 lb
MFH (average monthly flight hours) = 100 hr
PM (power marqin) = 5 percent
NEN (number -f engines) = 2
DL (disk loadipg) = 8 lb/ft

2

TS (main rotor tip speed) = 700 ft/sec
BL (blade loading) = 80 lb/ft 2

NRM (no. of main rotor blades) = 4
SM (airspeed margin to stall) = 10 kt
RCP (fuel reserve) = 10 percent

The fAst desiqn point was taken as 4000 ft, 950 F, 500 ft/sec
rate of climb. "Current" SFC data was used (See Fiaure 3).

For the statistical weight analysis the following assumptions
were made (see Table III): A

AG = 1 (no. of auxiliary landinc gears)
BF 1 (blade foldinc included)
BRX= 1 (main rotor brake included)
ITR = I (intermediate tail rotor gearbox included)
KLG = .0329 (tricycle landino ear)
MAC = .96 (nacelle for twin engines mounted to

transmission) -
NR = 1 (no. of main rotors)
NUT = 4.5 (ultimate load factors)
TAF = 13 (type of aft fuselage (see Table II))
TPU = 0 (no auxiliary power unit)
TPY = 62 (type of pylon configuration (see Table III))

The ground rults used are as follows:
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1. The disc loading at the second design point is the
same as for a single-point design helicopter. This A
results in a reduced disc loading at the firstdesign point for the two-point design helicopter.

2. The rate of climb specified for the sinqle-point
design helicoptcr is also obtained for both the
second and first design points of the two-point
design helicopter.

3. The "probability of hover" calculation includes
the reauirement to achieve the above vertical
rate of climb.

4. All designs include the fuel load recuired for the
standard mission.

The second design points studied included all combinations
of altitude from 0 to 400G ft in increments of 1000 ft and
tenperatures from 20*C to 35°C in increments of 50 C.

Pzyload Utilization

A payload utilization function was used as follows:

Payload

(% of 2nd Point Pavlcad) % Utilization

40 15
60 25
80 30

100 25
110 5

The model listing is given in Appendix I.

Weight Variation

The variation of the gross weights of the two-point desian
helicopters is shown in Figure 19 for combinations of design
altitude and design teq-erature. This figure shows the
gross weight at poi- _ Lwo, which is the maximum gross weiaht
at the second design point makina use of all the power avail-
able at this condition. At '-his point, the helicoDter can
hover and carry out the specified vertical rate of climb
(500 ft/sec).
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Also shown in Figure 19 is the resulting gross weight at
point one, that is. with the mission payload. The changes
in these weights are due to the changes in empty weight andmission fuel requirement--s. The gross weight at the second

design point includes, in addition, the increased payload.

Figure 20 illustrates the payload capability as a funcz-ion of
the second design point. Note that at point one, the standard
mission payload applies to all second design points.

Engine and Transmi3sion Ratings

Figure 21 illustrates the effect of second-point design
selection on transmission limits. As the second-noint desian
te:"erature and altitude are reduced, the engine oOwer avail-
able at the second design point 1? increased. The trans-
mission rating is increased to match this Dower leel, and
the engine is derated less and less.

Figure 21 also indicates an effect of second-design point
conditions on required power rating. T,-n-s is a secondary.
effect and results from empty weight changes as the second-
design point capability is added to the helicopter. As the
second-design point tei,-perature or altitude are decreased.
the empty weight increases, and the first desiqn point
requirements can no longer be met .-with the single-pOint
desian enaine.

Cost Variation

The computed cost per fliaht hour is shown in Figure 22 for
several payloads. This cost includes :nitial costs which
are primarily a function of empty wegh;n and op..erating costs
wfhich reflect the effect of the ratio of actual gross weig It
to design (second point, gross weight. For small pavloads
the costs are only slightly sensitive to the second desicn
point; however, as the .oavload increases this sensilt-vity
also increases I h. n s figure Sh'ows v D caI data ohtained.

:iover Probability

The cumulative joint probability of hover is an extreel-y
imno .ant factor in the overall cost effc- ie ess comnuta-

. -- T is a factor w-icnhs vr.. sensi-t-xe to the assud
alo n ntal operating conditions of t he blzconter. it is
also a quantitv whi. r--ends tr, rcduce th---t effect veness
of mo.re stringent des.an conditions. As an illusrration or

shis effect, at a 100--ercent a dlac condtton the sinale-
gun point helicopter can hover (ana c~rmb) 34 percent or

thei. That is, 84 percent of the i-me t ic environmental

j -------
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conditions can be expected to be less stringent than 4000 ft,
350 C. However, a single-point helfcopter designed for 2000
ft, 25*C, for example, will be able to hover with its design
payload only 34 percent of the time since over much less of
the area and time will the operating conditions be less
stringent than this design point. Of course, the two-point
design helicopter will be carrying larger payloads so there
is a rather delicate balance between these two factors.
Figure 23 (a-d) presents the probability of hover obtained.

Overall Cost Effectiveness

mhe final results, including the effects of assumed payload
= ~ variatiol, costs, and hover probability, are given in figure

24. It is seen that local peaks occur at certain tempera-
tures. The optimum point calculated ;2pears to be at 4000 ft,
200C representing about a 10-percent increase in cost
effectiveness compared to the single-point design.

This "optimum" helicopter has an increased design gross
weight of about 15 percent and an increased payload at the
second design point of aboat 40 percent.

It must be emphasized, however, that these results are
sensitive to the predefined mission, assumed number of
production units, assumed payload utilization, environmental
statistics, and numerous other factors which will vary with
the particular requirements for Zh: vehicle under study.

WEIGHT SENSITIVITY

One of the most significant portions of the analyLical model
is the statistical weight model. In order to gain some in-
sight into the sensitivity to the empty weight, some nf the
previous computations were repeated with an arbitrary 20-
percent increase in predicted empty weight. Fo: comparative
purposes the payloads are shown in Fiaure 25. A comparison
of the cost per hour is shown in Figure 26.

The change in probability of hover with increased weight is
interesting. At payloads below 100 percent, the heavier
helicopter has lower probability of hoverinc. At 100 percent
payload (note that the payloads are not the same), the
probabilities are equal. At over 100 percent the heavier
helicopter has increased probability of hover. This effect
is illustrated in Figure 27 for 250C. The effect is the same
at other temperatures.

88



400 4% POINT 2 PAYLOAD

C6C

8 C% ...
ITGL-ON

S63

4C

i: 2400030040

2E TNffr-US:4

a. Design Temperature = 350C

Fiqure 23. Probability of Hover and VRC for
Uti lity Mission.

89



40% CT PCINT 2 ?-;YLOAD]

90

801

7E0

~4 0

~30

10 -

0 *

0 i 000 2 0 00 3000 40G0

DESIGN AL71TUDE -

b- Design -emrrerd-ure =30W _

Figure 23 -Continued

90



4C% P0::2 A:A___ _____

8z

>601

00

o 3%

110%

0~ IZO ~3 40001

:S 1GN L';U D E - I
:'iqure 23-Continued

91



100 40% I T 2

z

E4 0

<30

~20

10

D~I 2 3 - 1--

d- Design 707-erature

:lgcure 23 - Oftinue:-

92



5.6

54 -A

.2.

~i 4.4

U 3.8

3 - -

3.4 1
3L2

0 100031 3000 40350

.1cure 24 Overall Cost Eff-ectiveness for
llustrative Utillty isin

93



6000 1
20% INCREASE IX WFI6FT]

300

AfA

300RDAST

20000 00 3043

DESIC,-. A.TZ7-UDr -'

Ficrure 25. Effect of 23% Increase in Emmtv
We-ght Model on Payload-
t~ility Mission.

94



:S q

2 -t

e 000 3030 4000

DS IG A L Tij -7F F

Acure 26. f ~fe ct off 20% increase in E=t'v
Weicft t Vode1 on lCos, -er Four-

tI vty is si o n

95



100 40 3.±r~OAD

90

9~ 80

81

z

S60 Cl

0

20/

10

-'D

ricur-e 27, S f'ct a! fl% Th icrease in Fmt
eIcSht Mon-'l on Prohab-ility of
lo ver -l Uili t: Mis s ion.

A



The overall cost effectiveness is shown in Figure 28. Wile
the effectiveness is reduced because of increased costs and
reduced probability of hover (for 70 percent of the time), the
curves have very similar shapes.

PAYLOAD UTILIZATION EFFECTS

The previous analysis used a Payload distribution based on
percentages of the maximum. This implies that the size of
the payload will always depend on the capability of the
helicopter. At the opposite extreme is the concept of
missions having no relationship to the maximum capability of
the helicopter but having a requirement for the transportation
of specific payloads. To consider the effect of such a
payload distribution the same schedule of payload was used,
except that the payload was a percentage of the fixed firstpoint design Payload rather than the variable second point

payload.

While the first approach resulted in a highly loaded heli-
copter, this approach results in lightly loaded helicopters.
In general, the probability of hover is significantly in-
creased and the costs are reduced because of reduced
maintenance. Since the same payloads are carried at reduced
operating costs, the cost effectiveness tends to increase at
the more stringent design points. This effect is illustrated
in Figure 29. Note that the data of Figures 19 and 20 also
apply to this condition.

This result, in effect says that for a given fixed payload,
the larger the helicopter the less the cost will be because
the reduced unscheduled maintenance is the dominating factor.
This appears unrealistic and suggests a flaw in the cost
model.

In actuality, a distribution which is partially fixed and
partly dependent on the helicopter's capability is probably
more realistic. If we take as ait example a 50-percent mix
of the two types discussed, the curves on Figure 29 are the
result. A comparison of the curves of FiguT- 29 and Fig ure
24 illustrates how sensitive the optimizat-.on can be to the
predicted payload schedule.
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GUNSHIP

Sample computations were carried out for the Gunship Mission.
The input is the same as for tne Utility Mission except as
follows:- DL (Disc Loading) 

= 9 Ib/ft2 2
BL (Blade Loading) = 90 lb/ft2
TAF = 15 (See Table III)
TPY = 14 (See Table III)

The gross weights and the overall cost effectiveness results
for 35*C are shown in Figures 30 and 31.

CRANE

Computations for the Crane Mission were performed for the
mission as described in Tables I and II. The input is the
same as for the utility ship except for the followina:

NEN (no. of engines) = 4
DL (disc loading) = 9 lb/ft2
TS (tip speed) = 750 ft/sec
NMR (no. of main rotor blades = 6
BL (blade loading) = 90 lb/ft-
ITR = 0 (See Table III)
KLG = .0405 (See Table III)
KNAC = 2.26 (See Table III)
TAF = 10 (See Table III)
TPU = 1 (See Table III)
TPY = 25 (See Table III)

The gross weights and payloads and the overall cost effective-
ness are shown on Figures 32 and 33.

TRANSPORT

The results of a sample run of the transport model are pre-
sented in Figure 34. The mission for the transport is
described in Tables I and II. The transport model differs
from the Utility in the following manner:
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DL (disc l-adina) 9 lb/ft2

NMR (no. of blades) = 5
NEN (no. of engines) = 4
TAF = 9 (See Table III)
TPY = 45 (See Table !II)
7LG = .0247 (See Table III)

= 2 (See Table II-)
iAC = 2.26 (See Table III)
?U = 1 (See Table III)

OBSERVATION

The Observation Model differs from Utility in a very basic

manner. Instead of increasing the payload at the second
design point, the loiter time was increased. The cost
effectiveness portion of the model is simplified considerably
since there are no probability of hover or payload distribu-
tion considerations. For cost effectiveness loiter time is
used instead of payload. The mission for the Observation
ship is contained in Tables I and II. Other data which differs
from the Utility Model is as follows:

DL (disc loading) = 4 lb/ft2

TS (tip speed) = 650 ft/sec
BF = 0 (See Table III)ITR = 0 (See Table III)
BTR = 0 (See Table III)
TAP = 10 (See Table III)
TPY = 25 (See Table III)
KLG = .0157 (See Table III)
AG = 0 ( (See Table III)
KNAL = .]9 (See Table III)

The cost effectiveness results of a run of the Observation
model are shown in Figure 35.
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CONCLUSIONS

i. An analytical model has been assembled capable of

evaluatinq the effects of a second design point for
helicopters.

2. A corputer program has been developed which is capable
of implementing the solution of these analytical models.

3. It has been shown that optimization points may be
obtained that are cuite sensitive to several factors.
Two of the most important are the assumed payload
utilization statistics and the assumed oDeratina
environment.

4. The analytical models developed appear to cererally
give rational results. There are areas, however, where
improvements may be made. One of the most worthwhile
areas for improvement is the cost model.

5. The objeutive of this project has been achieved:
development of a method which cat be used to provide
an insight into two-point design criteria an-" which
is capable cf s-0ecting criteria which will improve
helicopter productivity and cost effectiveness.
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APPENDIX I
ZODIAC I! PROGRAM LISTING

IMPLICIT INTEGERIA-U),REALIV-Zi 102 1
DEFINE FILE '.(lO0.102.U.Ft4l Z ___ 02 2
CEFIftE FILE 51101.2O*U#FIS) 1C2_3
CEFIE FILE 6(2),905,LqF16) 202 4I
INTECRa*2 EQL~lCCIC*41,PRTLST(SCI _____________ 5
COPCft /BUG/ DEBIUG 202 6 I
CCYPCt IMOCI VA6RARY(620) ,tAPARY1400i .EC~j.PATLST Z22
CoPmON ICowrftI STPCOP.STIREGtSTPREG*CGMIZOOI __________22 8
~COMMON4 /GEN/ ALdEI(SC) - - 02- 9
CIPENSION POONANIS) 202 10

_STPCCP = 2C0 _______ _ZC2 11

~STREG - 201 22 12
TPAEG xc 40102 13_4

CALL INI T ______ 02 14_
~CALL PAINItN Z02 -15-
CALL CATAIN 202 it
C&LL F0-ANSET 202 iT

-- I tCEatUG .EO. 1 i CALE'PRNT,0-Tll- zoZ2' Is
100 CALL PFOD1N.MOCONAPOPCOtPUM 102 19

IF(%. EO.CI GO 10 110 lez__ ____ 0 20
-- CALL CAlAK -Z02 -21

IF ICEBUG .EQ. 11 CALL PARTOTEII 202 22
CALL STO00(CIDA",pc0DNUN3 ______________ 22 23

--- cc 10 Icc - ZC2_24-
110 CALL VAItNRk Z02 25A

CALL ERC0ql0) Z_______ 02 28 Z

~CALL EXIT - C2_ 27
END 102 26



IMPLICIT INTEGER(A-t)REALIV-ZI ________N 2
--IIECEA.2 EOVIOC*10.4),PTALST(58) -- Isui 3
COMMr-% /GEN/ ALBET(5O1In 4
ConwonN ioo/ VARMqYleZC) ,KAPARUY4OOI.*EQUPRTLST 5i

-CtOPFCft lCOPmft SPCO%,STTaEC.STPRtEG.CO*(2001 IU? &
COMMOCN /TAB/ TAeL(20.21 iN? 7
CIMENSION LBEI(5C1 114T______ IN ;f

DCA-TA LOET 10= - V * C1 *YINTq9

A e 7 6 5 4 3 2 1 0 Z T I W V U T I X? 10
aS ft a L- K .1 1 "H-G F ! C C !@IT 1t

-* -- - A ' IN? -12
to 100 I1 1.620 INT 13

100 ~VAa&aviII 0 a _____ INT I*
fLEliZI= 21C1362?52- It 15LUETEII - 16316C1C4 IM 1COa110i Isslo ________lNT 17

1Ma0ILSSI t hI a, tLET I I Un?- 18e
CALL ICiiEIOs-71 PIN 1S

CO 12C 1 1.1CC __ IPAT 20

CC 120OKo14 31%? 22
120 EOU(I.J.KI a 0 MIN__1T? 23

E011.1.1 a-I- UT 2' -

CC 130 1 a l.4CO UNT 2S
130 NAWARVOIR sQ 0 I 26

CO 14C I ag1.2C IN.T 2?
140 CO111t - 0lisT 28

NOXE a'0 IN? 2t

WtN E =51 PI= s-M MsT 31

CC 150 I s 1.20 lINT 32
10TAEL(I I-)- a INT 3'1

1 Elet10 ll'sT?43

_ _ _ _ _ _-a _ _ _ _ _



SUBROUTINE ERROR IN) ERR 1
INYEGER*2 NERIXOCI _______________ERR 2
CA~ -;O/m6 ERRT

IN 4EQ. Cl GO TO 110 ERR 4
%RITE (3,1CC) N ERR 5

1bY6FORMAT-i2(181' RO-*/)-EF-7
I1=I.1 ERR 7
IF (I .LE._100 INERMI N___ _____ ERR 8
kELRM -___ ERR-9

110 URITE 13,120) (NERJI#J a101) ERR 10
120 FORMAT (41 SUMM'ARY OF ERRORS tI,4313143t3/1413) ___ ERR 11

RETURN - -- ERRIZ2
END ERR 13
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SUBROLTINE MODINICARDMOCNAvPnCNUM) EIN I
IMPLICIT INTEGE.R tA-U),REAL(V-Z) _________________EIN 2

- COPMON7I/GENI A,ET( 50F-- -_________________

COMMON ALL/ VLST(50)*MODNA"(30951 Elk 4
___INTEGER*2 EQUI1C,1C,4),PRTLST(50) E.lM 5

- COPNPCN 7IM0C1 VARARY(620),NAM4ARYt4D00,qEQUPRtTLST- E I N-6
COPI'CN /COI'MN/ STPCOM.STTREGvSTPREG#C0P(2001 EIN 7

____CIMENSION STAT(8C), NAMEI',, TEISO19NVAR(161 EiN e
CIAENSION ARG140)vMOONA(5)*- E 1N9
INCARD 0 ElM 10

_____OEQ 100 ______________EIN 11

00 1cc .J =91 2EIN 13
CO ICO K a 194 __ ____ 3EIN 14

--- 0tEQUf(1,J,,K) ~ -3EIN-15--

EQU(21,11 -1 ElM I?

CO 11c I - 10400 IEIN 19
110 NAMARYM - 0 _________ ______ EIN 20

00-120 1 a-STTREC600T - 1IEIN 21-
120 VARARY(I) -0 IEIM 22

CO 13C I a1.50 I___________________ EIM 23
--T3UrPR~tT(Il jF0- IEIN 24
C, ElM 25
C READ STATEVENTS IN ElM 26

SCEIN '27
EN~sO ElM 28

140 READI1*1509EN~s440) STAT ElM 29
-- IOFOMATeO~ )Elk 30

NCARC - NCARO 4 1 EIN 31
IF tNC4RO .EQ. 1) WRITE (39160) ___ __________ EIN 32

-- 160FORMArv 1- EUTIoNSr) -EtN 33
IF (NCARD *EQ* 60) WRITE £3,171 EIN 34

170 FORMAT (01 EQUATIONXS CONT91 Elk 35
-"RrT13'lO 161NCAND-STAr--- EIN--36

180 FORMATtI4.3X,80A1) EIN 37
CO 190 1 a 1,0__________________ lEIN !e

--- 199-TENEI (IY2C-39
C EIN 40
C REM4OVE BLANKS AND C0NPENTS ____________________ElM 41

C EIN- 42
NCH 2 0 ElM 43
CO 2C0 K a21,80 1EIN 44.
IF STArIKJ-E7.AUETI5I1 XCF 1 &ElM 45

200 IF ISTATI *EQ. ALSETU1 *OR* oCN .EQ. 11 STATMK 0 lEIN 46
CALL RMVER(STATioLl _______ _________ EIN 47

t CECKTVYPEOFSTtTEMEN1 - ElM 48-
210 CALL COMMO(STAT,YVP*ARGERRI Elk 49

IF (ERR NMEs 0) GO TO 140 EIN 50
Fi 1uYP-;EC'0VGO-TO-370-- ElM -51-
IF (PIP *EC* 13) G0 T0 320 ElM 52
IF (TYP *EQ* 14) GO TO 140 ___ ElM 53 -

- -GWT70 ZZ2C9240 .250#260i26Ui19 259i02il0 ivi290Tv-F - EINM 54
C EIM 55
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C ITERATE STATEMENT FIN 56
C EIN 57

IF INIT *LE. 5) GO TO 230 EIN 59
CALL ERROR(22) EIN 60
GO TC- 140 EIN--61

230 EQU(INITll - ARGMI) EIN 62
EQL(1NIT*2) =ARG3) _ EIN 63
EQUIlNIT,3) = ARGI4)- EIN 64
EgiI *NIT.4) s ARGI5) FIN 65
EQU(I,1,4) = NIT * 1 EIN 66
GO To 14o- EIN 67-

C FIN 68
C INORCER STATEMENT EIN 69
c ... EIN-7O

240 EQOUl,1,3) = 1 EIN 71
GO TC 140 FIN 72

S-- --E IN13 -
C MOOLLE NAME STATEMENT EIN 74
C EN 75
-250 CALL PDNAMElKARG| EIN-76

EQUI91.1.) K EIN 17
MODNLM = K FIN 78
CO-eOTC .140 . EIN-79

C FIN 80
C ILLECAL COPMAND FOR NODULE FIN e1

-- .. .. . .. . EIN- 82 "
260 CALL ERROR(24) FIN 83

GO TO 140 E IN 84
- C.. . ... E [N-"85

C PRINT STATEMENT FIN 86
C FIN E7

270 CO 2e0 [ = 1,4c
2eO PRTLSTII) ARGo) IS|N 89

EOUIIltO,1) a 1 FIN 90
. .CO TO 143 EIN 91-

C FIN S2
C IF - EXPRESSION STATEPENT FIN 53

-"- ... ........ - --EIN- 94-
290 CO 300 1 a 2,NOEO IEIN 95

NIF = I IEIN S6
QF IE UI It1II El.0 0U T0u-u3 10 EIN-9T-

300 CONTINUE 1EIN 98
CALL ERROR12) FIN S9
Co TO 14C - EIN1Cl0-

310 EQU(NIFZ,1) = -6 GIN 101
EQUINIF9292) z ARG41) FIN 102

-- EQUtNIF,2,3) = ARG31 I - EIN'IC3
EQUINIF,924) = ARG(2| FIN 104
GO TO 370 FIN 105

FIN '1C6C TABLE LOOK UP EIN IC?
C FIN 108

1--32r-cO 330 T 2 i-i0o 'EIN 109
EQ I IEIN 110
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IF (ECU(fle,1 .EQ* 0) GO TO 340 ltd111
330-CONTINUE _______________SIN 112

CALL ERROR_(3 f~ 09-113-
GO T0 140 EIN 114

340-CO 350 1 - 1,6 __________________________ IEIN 115
-- VAR (I JFz_ _C 1E INi 16-
IF ISTATt!) .EQ* ALBETIS) GO TO 360 1E:N 117

350 NVARMI = STATMI ______________________EIJ it8
360-CALL NAI'(NVAR,K)__ EIN 119-

EQU(Egt1,1) =-1 EIN 120
EQUEEQ,1,3) = 3 _ __ EIN 121

_ECU( EC, 194) =NC A RDO__ 11IN 122
ECUl=C,2,I) = -? E I f 123

____EQUiEC.Z.2) = &-AGM3 E______ _ EIN 124
EQL(ECP.2# ) ARG(4M EIN 125
IF (ECU(EQ,20) *EQ. 01 EQU(EQ,2*31 a401 SUN 126
EQU(EC.2.4) =K ___________

~NVAR(l1 ALBET;23-AR(;i2)) - -EIN 172e
NVAR12) = C EIN 129
CALL NAV(NVARvK) E________ EU4 130

~EL(C,*3.1) - -8 EIN t!1
EQu(E.3,Z) - ARC45) EIN 132

-IF IARG(5) .EQ, 0) -EQUIEQ3.Z) 401 - - E____ 1 W 133
E0U(EC,3#3) = K EIN 134
EQU(EC*3#4) x ARGMl EIN 135
CO TO 14C ____EIN 136

- -EIN 13?
C SEARCV OUT SYMBOLS AND NAMES EIN 138
C, SYMBOLS ARE REPLACED BY T14E FOLLOWING NUMBERS E1P4 139

C EiN 141

370 KP =I EIN 142
- - EIN 143

!ec I S I1 EIN 144
390 tFt 1 .0T. L ) GO TO 430 EIN 145

M-I(S TAT( IV .Eg.ALBET(8) GU 10- 400-~ - EIN !46
IF 4 STATMS .Ll* 0 .OR* STATMI .50. ALBET t12)) GO 70 400 EIN 141 -

NARG =STAThl EIN 148 -m
~CALL SY"BOLfNARG)_ - -- IN 149
IF (NARG E50o -3 .AND. STAT(I~li .EQ. ALBET17)) NARG m-5 EIN 150
IF (NARG .EQ. -5 .AND* STAT(I.Z) *EQ. ALBET15)) NARG -9 EIN 151

NP vNP.1 EIN 153
IF (lqAPG.EC. -5) IzI*1 ___ IN 154
IF (NARG .EQ.--9)- I a I * -- EIN 155
CO TO 3EC EtN 156

400 DO 410 K =1#16 _______ ______ IEIN 157
-41tJKVARIK) 0 - IEIN 158-

C SIN 159
NvB z 0 SIN 160

-.-- F ISTATITI .-GT.- ALBET1241 .ARDfSTAtTV-LTT RE rT"nTNMBFEIN 161
420O K = K +1 I IN 162

KVARIK) =STAT( 1) E___ 1N 163
________________ - - SIN 164

IFISTATII) .EQ* ALBETCB)) GO TO 420 EIN 165
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IF ISTA1(I)o LI* C ogRft STATWIl .20. ALBETII2)) t0 TO0420 EN 1661
IF (NVARtgl .10. ALSETI451 *AN~o NM4 .10. 1) 60 Til 426 lEN 167

ZEN INP) a K EN 165
NP= NP * I LEN 170
bTo-d 3"0 E oitf17U

430 CONTINUE EN 172
CALL SE TIP (TEM.NCAROI EIN 173

c PREPARE FOR NEXT STATEMENT OR RETURN EN 175
Go TO 140 _________________________ EIN 116

ETV'R EIN 1171
END EN 178

- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _Q
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5UBRO1MTIE SYMBOL IN) SMs
INTEGER SYPtS) ___________Spa 2
rCATA__SY4(' ff- -' 1 I~spa-- 3-

C srdB 4

IF IN *NE. SYNII)) GO T0 100 isms 1

-RETURN- -m 95KA
100 CONTINUE 1SH8 10
_ _ _ END ____ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _S 1

118



SLORWTINE NAPIN,K) NAM I
IPLICIT INTEGER LA-UltREALI V-Z) _____________NAN 2

__COP'PON /COPPNI S1PC~n.~!.TREG.STPRE6.COPt2OO) _____NAM 5
COlH"C' /GEN/ AL8E1i0, NA'
DIPENSION R116) NAV 7

C. NAM 8
CHECK TO SEE IF N IS A NAPE OR A COtNSTAWO. NAM 9-

C. NAM 10
__IFtNIII.GE. AL8ET(23) .A*40-Ntll .NE-.-ALBETIS811 GO TO 180 ____NAM 11

CNAM- 2
*C, h IS A VARIABLE NAPE NAM 13

C NAK 14
CALL NAPCOP IN,FiAFE NC) - - - -- NAP~
IF INC .EQ. 0) GO TO 120 NAM 18

____CO 1CC I _!.SIPCOP ______________ INAP 17
L I - 1NAN1

IF ICCII) .EQ. NAPE rk~. COMMI .EQ. 01 GC TO 110 INAM 1q
00CONTINVE N 0

110 IF tCG)ItL) .EQ. 0f VARARYIL) 123.459E-15 ^aAN 22
____COMILI zNAME NA. 23

I&AMARY(L) aNAPE - -NAM 24-
Co To 17C NAM 25

120 CC t1O I 1.Stpcom ___ _ ItiAM 26
L_____ __________ __NAM- 27-

IF AAYI *EQ. NAPE) GOTO 170 INAM 2
IF i CCOtI I .EQ. 0 1 GC TC 140 ________1AM 29-130 CCNT!NUE - 1A43140 tO 15C I = STREG#400 INAM 31
L:I_ _ _ _ _ _ _ INAM 22
IF INAPA.RYiI .E4. NAE VffTO 170- INAN 33
IF INANARY!I) Q.t,0 Gi '%PC! 160 INAN 34

150 CGNTIUE INAM 35
- -CALL ERROR (31 NAK-36-

160 NAPARYIL) 2NA14E NAN 37
U.ARARY(L) 123.459E-15 NAN 38

1I70 K zL NAM '!S
RE ILRN NAM 40

CNAN 41
C-_ h IS A CCPJSTANT.- NA14- 42-
C NAP 43

18C CALL NUMCNPtN,V) NAM 44
L = 4C1 NAP#--45'
IF I V .EQ. 01 GO TO 200 NAM 46

___ O L'SC I a 402,6CO INAM 47
L I 'NAM 4S-

IF (VARARYi .EC. V) GO TO 210 INA" 49
IF (VARARYCII .EQ. 0) G0 TO 200 INAM 50
CONTINUE NM5
CALL ERRORI2) RAN 52

200 VARARY(L) V NAM S3
_210 K= L- -____ R 4

RETLAN NAM 55
ENONAN 56
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SUBROLTINE SEIUPISNCARD) SET 1
IMPLICIT INTEGER (A-V)vREAL(V-l ________________SET 2
INTEGER*2 EQU(1O0.10.4J .PRyLSf(56)- SET
I'TEGER'2 TEI'('.O,4) SET 4
CWOMON /MC/ VARARY(620),NAt'ARY1400).EOU.PRTLST SET_ 5
C(YuC% /GE%/ ALBET(5C1 -SET-- 6
CIMEUiSIONj St8O).TEPIt8O),TEH2(80) SET 7

100 hS = I______ -SET a
IVAR =603 ~SET~ s
EO IIC I= itec ISET 10

110 lEMZ(I) 0 ____ ________ SET 11
CC 12C 1 1.40 -__ -1SET 12
CO 12C J 1.4 2SET 13

12C 79mlI.J) 0 ___ SE T 14
-C - SET 15

C FINC LOCATION FOR NEXT EQUATION SET 16
C ____ ___________ SET 17

0MC 13-3 F= i-vloo-- - lSET 18
hE z I ISEIT 19
IF(EQLtII,) .EQ-01 _GO IC_140 _____ iSET 20

-10- Cou T M~E ISET- 21
CALL ERRORM3 SET 22

____________ ___ SET 23
- C I4D IfNERPOST-SE-FPA ETHESts SET 2 4

C SET 25
140 hPAR -C ___SET 26

I-NPA =O SET 27 -

CO 15C ,Jz 1.80 ISET 2e
___IF (S13 .EQ. -6) N. KPAR *1 _____ ISET 29
-- IF ISM3 .EQ. -17) NPAK 7 NAR- ; ISET 33

- IF ($.)M Q 6 PAR AT WPA CAL 1RC~ ISET 31

10IF (53)PA LET. -7A) HNPAR NPAR SE !24
IF IHWPAR .EQ* 0N) GO TO 10 SET__ 33__

17OG 6CTI = . ISET 34
S60IK11) C TYISET 35
K=K.1 C_____ SET 36.

CC 1S0 = 19A 0 - SET 3.5
IVA = TVA I1SET 46
C------I 3SJ 1-E.0 -6 XR-NA SET 3S
IF ISMK .EQ. -7) GOA TO 200 - I IS~1 ET 48

IFK =NA EQ 0A) OT 9 ISET 41
170COTIU K =ic- 1 - --- SET5142
200 S(K) 0 V~ SET 52

CAL a K ZE(+ I SET 44
lH=SVZ =--V- SETS45

210 ) 0 22 =1KISET 55
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IF ITEHMI .NE. -S *ARD* TEPl(Il *NE. -9) GO TO 220 ISET 56
IEM(NS*1) x lEHlIII) ___ ____ _______ _ ISET 57

IENINS93) a TEPI(tI 1SET 59
IEM(NS#4) a TVAR ___________________ISET e0

TEHM! - 0 ISET 62
7EHI(!.1) a0 ! ______ _____________SET 63

--vAR a TvAk . 1 1SET_ f4_
NS aNs 4 1 ISET 65

220 CONdIIJE _____________________ ___ISET 66
CALL RMVZERItEN1KJ)_ SET 67
9K 411 SET fe
LEI =0 _____________ __ SET 69
KS= SET _70
KTERM =0 SET 71
IF tTEMtIl -LI- CI KS - 2 SET 72
DO 270 1 a KSK~ -1SET- 73

IF IIEMIII .E. 0 AkDO. 7EPLIII .GE. -21 GO TO 230 ISET 74
- LEN = LEN * I __ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ ISET 75

1EM21LEN)-- 7EMIT) ISET_ 76-
CO IC 270 !_________ ______________SET 78

-230 KTER' = NIERN M ISET- 9
IF [LEN .LE. 1) GO TO 260 ISET 80

Ki1-1 ________ ____________ISET 81

CO240 AK a ST.KTJ- 2SET __2~
240 IEMI(JK a 0 2SET El

IENIt-ill TVAR 1SET 84
-CALL TER~tTEl,,TEVZ.W4StE1ITW f ISET- @5
Cc 25C IZloso.6 2SET e6

250 7EPN2t I1I C ______________________ 2SET 81
*260 LEN =0 -- TSET- 93
270 CONTINUE 15EV 69

CALL RMVZERtI ER1.K) __________SET SC A
- CALL GATPERfTEN 9 El1.NTER~1WTS" ~ST-- -SET- 91

IF (1-&PAR .GT. 01 GO TO 140 SET 92
260 EQU(NEw1.1) a -1 SET 93

EQUINE..94) = PCARD' -SET54-
KI SET 95
IF tECUtNE.2wi) .EG. -6) K K 1 _____________ SET 96

ED 2CC! I = INS 15E7 Se
K K + ISET 99

- OZ-0E=21.0 J i94 SET-100
290 EQLtE.KtJ) aTEPII.ji 2SET 101

IF It .EQ. M4S) GO T0 300 ISET 102
---IF IK ALT. 10) UC TU-300 XSET-103 j

Kal !SET 104
EOUCRE.1931 10 15EV ICS

-- W4E = NE 4 1 ISET71WV
MIu(E,191) = -2 ISET'107

ECU(NEO194.) = hCARO ISET 10S
-3UU CONTINUE - ISEricr

EQLINE9,1 SET 110
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RETLRNSET III
M1 IF ISMZ *NE. -81 CALL ERaORC51 SET 2

7ti [s f t SET1113_
Co 320 1 s 3.50 15ET 114

320 7E~tIIt-ZI a SMJ ISET 115
__--TmI(7q -ac-SET-116-

14MlIS0) a 0 SET 117
-CALL RMVZER(TEPI*Ki -__ _________SET 118

Co'1oz10'_ SWT119

END SET 120

I
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= VLROLTIld RMVZER IN1.94I RMV I
CINENSION k1(80I Rs'v 2
K 'C- t~3

CO ICC I a 1.80 IRKY 4

IF( ( INI .EO. 01 GO TO 100 1RMV 5

KIMK Nit) IRSIY __ _ _ _ _ _ _ _

IF (K .LT. I I tNl!)_ 0 ________________e__

ENV- RP123



SUBROLT14E tCRPqT*Tl.NL#Ny3TR
_I14EGER02 T140941 ___________ K

-- INTEGER T1(8e)j IR 2_________

kP Nv TAN 4

lo AM 1 1
IF (I OGT. 0I RETURN-~1M 2

IRK 13
'( .? T= l I 4 _ __ _ _ _ __ _ _ _ __ _ A 15.

1114.4) x ~iS IAN I

cc cO TRM I8
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SUBROUTINE GATHER ITTZNT,kV,kl GTR I
INTEGER*2 1(40941 __________________GTA 2

-INECER f-lel- V_3
IF (NT .EQ. 1 .AND. N .GT. 11 GO TO 130 GIR 4I =I ___ __________GTR 5

i(N,) 1GTR ?
-IF (TIMl .GT. 01 GO TO 100 GfTR 8

IFITI~i) -EQ. -2) T(NZV-9

100 TIN931 TIMl M___ I 11
IIN.4) z6CI GfTR 13

IF NTI NE- 6 0 O o M T -

I30(l-14T NV~ GTA216
ftETLRN CUR 15

EN __ _ __ _ _ __ _ __ _ __ _ _ __ _ __ _ _ GT - 26-

_____ ____ -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
6C 

TR 1

RETLRNGT122



ILVINE CAulkN DiN I
IPLICIT INTEGER IA-ti), REA'-fl-Z ________________DIN 2

COP'ON /K0D/ VARflV(IZOI.MAPAR(400I.ECJMRTLST Cit A

COMMON IGENI ALOE? 51 _____________ DIN S-
CIPENSION CARDl fl) .AM(l0) .NM(U 'b1
&Cos a0 a DI i

C DIN 10

100 PEADE1.110.EKDZAOIlCARC _________________DI11 It
nC--TC-RPj (eCADIIcla 12

NCOS-KOS #1 0IN 13
IF :%CDS .EQ. 11 URITE 13.120) DIN i4

C DIN 1-

£ REMOVE COMMENTS AND BLANKS Dift 17

CD 13C I x).S0 ICIv !I
IF (CAADtI 3*EQ. ALBET 15031 GC TO 140 101I' 20- IF1tCAAOtII E4a.A8Enf3Yl90Enrr& aicin 21

1=130NIS - 1.1 MDIN 2z
Go TO 180 CNIN 23

14nr cr r-mssu a -01nt Z4C
150 CAME) a C lOP' 25
160 CALL KNVZERICARD.NS) DIPS 26

DIN1 21
C CHECK FOR TABLE 01.2 26
C ________DIN 29

IF ICM~C(31.NtE.ALET4fl.Q.*CA301t4)aEeAtgETg3nI1 CC TO 170 DIN 31
IF (CARDIS)44E.ALSETI4SI) GO T0 110 Dift 321
fl---LL TASLINIARDI - DIN 33
Go To O C iN 34

C CHECK FOR COMMA IN LAST P0CSITI(M ;IN 3?
C C_______________ tIm 3

1FrCAPD ~-.QrfgTf37rT--W 01Mt 39 -

IF INS *EO. 0) GC TO 2,40 DIN 4c
IF 1!fS.LT.E0) CA*%t1N1 -10 ti 41

C FIND THE NUwPit OF DATA ITEMS DIN 43

CO lit I a141S lIn 46
180 Ic tCAROII) .EQ*.ALSBUM3) NO aO 1011i 4?

-=Dix 48
C FIND VARIABLE 'G3PE AND DATA THEN STCRE LIN 451

c ______ ___ Dims 50i
LU CZfl 4w 01*wuD - 01N-51,
CC 150 I- 1,5 1 #4 52
ki~til 0 C 2U______ ON 53 7

r~ rr- fliC54
IF ICARCIJ EQ. ALCETII)) CO TO Z000 20 1kf 5
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NAMII) aCAROMI 201N 56

190 CARDI!) *0 _________________2DIN 57

IF (CARD(6) .NE. ALBETMI)CALL ERROR 161 ICIN 59
200 KS aK +15 IDIN 60

CARO IC- 1V aU '01N
a lOIN 82

Co 21C (z KvKS ____ ____ ____________20!N e3

J=J _x 1 -_71 20N64_
tUMIJ) a 0 ZOIN 65
ICE a I ________ C!N 66

-- 1F-(CARC(Ii GO TO zC -20N-67-
KUPM(J) a CARDII) 20IN 68

210 CAROII) z 0 __________ ___ ______ 20IN 69
-CALL ERROR(')_ 1CN-70-

220 CARCIKE) a C lOIN 71
CALL NAeC#P(NANtANEPNC) lItN 72-

-CA1 C NUMClAP(NUM9.X) 10IN -7
CALL STORE(NAME.X*NC) ICIN 7'4

230 CALL RMVZERICARO.NS) W__________________ ____IIN 75

la'O"TO-100- D0IN-76

240 RETURN DIN__ _ __ _ __ _ _ 7
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SUBROLTINE NUPMtP(NUNXI IdUC 1
IMPL IC IT INTEGER (A-WJ) REAL(V-Z) ____________NUC 2
T EGER*IE~tJ (lo 10 o 419 ,PATCMS 761 - Nr0

COMI'ON IMOO/ VARARYI620),NAI'ARY(-00),EQIJPRTLST NUC 4
CONM'ON /GEN/ ALBET(50) ___________NUC 5

DIME~IOP NUil,1 tC
C NUC 7
C FIND OUT IF FIRST CHARACTE-R IS A -. __________NUC 8

SGN -I NUC 10
_____ INUMM1 *NE. ALBEl_(S)) GO TO 100 ____________ NUC 11

______ ---- I- --- NUC-12
NUM~l) -26'22#,4 NVC 13

C NUC 14
'C1I NDEC1'IL 1-0tINTF XPONENT;- AND-CONVERVCi4RCACTEhR-rTmfrtcrwNUC -i

NUC 16
ICO Nds-i ______ __ NUC 17

__ ___ -- NUC 18
CO 120 1 -1,16 INUC 19
IF (NLMII) *EQ* C) GO TO 130 INuc 2C

1 NL() T.C_ _.OR.-NU1[)1 0 .0ACET 151 GO 7 -1 I 1N UC -21
NUMNIlu)i(NUVI 1) + 264224704)/11777216 INUC 22
GO TO 120 ________ NuC 23
I UF( N L1UT -.EQ- A LB E-s (121 N0~ INLC 24
IF (NINE!) *EQ* ALSET(45)1 NE a fINUC 25

120 n=f ____ INUC 26
-- ~0 FNOE~U.~4.E.50. 01 N O C ~ ~NUC 27
IF INC .EQ. -1 *AND. NE .GT. 0) ND aNE NLC 28
NP =ND-1I NUC 29
IV (NE .E0T CC, TO- 140 NVC 30
IF (NE .EQ. N) NP =NE-1 NIJC 31
NUM(NE) = C NIJC 32

~IF_(NUMfKE.1) .GT.10 INE WE1 -- NUC' 33
KCX = NUM(KE.1) NUC 34
IF IN -EQJ. NE.?) NIEX z NEX*10 *NUM(NE*21 NUC 3

-- IF (NLt4INE) .EOeALbETf5)J-NEX ix - - UC' 36
NP NP + NEX NUC 17
N NE -1 ~- _ NUC 38

140GXia -- '- v -- 'UC 39
00 150 1 = 1,N lN'C 40
;F IT *EQ. ND) GC TO 150 ___ NeC 41

---- NP£cNPl- 1NUC42
Y aNLMCI' INUC 43
XNP = NP ilNUC 44

___ Xi4 Y0(1O0o**XNP)- _ _ __ IIUC '45

IF (NP .E0. 0) X AINT(X4.1' INUC 4&
15C CONTINUE INLUC A-7

)XZX*SGN_ - - NC-48
CO 160 I = 1916 INUC 49

160 NLMM! C INUC sC
~RE TLRN NLV 51'

END NUC 52
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SUB8ROUTINE NAMCMPtR4A3INAPE*NCJ MAC 1

___IMPLICIT INYEGER(A-U),REALIV-Z) MAC______________ 2R
rNTEtERS.2'Eau(10C,10.4),PtTCSTa501
COMMON /MOD/ VARARY(62O).NAPARYIROO).EQU.MfTLST NAC 4
COMMON /GEN/ ALBET(SC) ____________________ AC 5

K6 a 16*86 NAC 7
C ___________NC e
G FIN NAME- LENGTH At N 97
C NAC 10A
____CO 100 1-1.5 _________INAC: 11

1F1NAMIT) MECl GO-10 I INAC-12-
*100 NN&I INAC 13

C ___________ NRC 14
-C--CHECK FOR MANC-I1-
C NRC 16

110 hCSO _________________NC I?
7F(FRP(Ifl;EO; RL6METT8W NCrsY NAC- IS
IF INN-NC .LE* 41 GO TO 120 NRC 19
CALL ERRORI33) ___ ___ __A________NC 20

- NAC_ 21
120 N~N a N - NC NRC 22

C __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ AC 23
C--PUTBLANKS -INN*APE - NRC- 24-
C NAC 25

IF (NN *EQ* 4) NAME a NAP414MC) 4210752 _________ NAC 26
--- IFINN -LE;-31 NAME-wIC737418Z4 N-AC 27_

IF tNNJ LE. 23 NAME w NAME * 4194#304 NAC 28
IF (NN .GT. 1) -,C TO 130 _________NAC 29

---- NAME = NAME-4 16384"AKr.N C)/P16'735ZT -- NAC-3C-
CO TO 1SC NAC 31

C ______________NAC 32
-C7 FIELIN C14ARRCERS NAC- 33*
C NAC 34

130 NSuI.NC __ _ _______________NC 35
tzN ~ dC~NAC- 36-

IF (NN .EQ. 4) NSaNS,1 NAC 37
CO 14C Is NSv NT INAC 38
NAM(I) s NAM(I)16-+-ZSS 'NRC-39'

140 NAME a NAPE 4 NAPjIJ*16*S12*IWtT-I1 INAC 40
150 CO 160 1 * 1.16 IliAC 41

-16C?4N(13 =C - NAC-4Z-
RETURN NAC 43
END NAC 44~
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[F - SUBRfOUTIN~E STORE (N#X*:;) __ __ __

IMPLICIT IP4TEGERA-W,#REALIV-Z) _______________ 2

CON0MON /MOD/ VARARVI62O),NAPARY(400).EQUgP*?LST STR 4

C RY17C . STR I

100 FORMAT tSXtA4,* *&IPE13.61 SIR 10
IF INC Ago. 11 WRITE (3110i ____ _____________ SIR 11

£ SIR 13
C CHECK TO SEE IFRAPE IS IN CVPON AREA _______ ______STR 14

c-___________- STR -is

00 120 I a 1.STPCOM ISTR 16
X a: ISTR 17
IT70NAXAR( I GUtr 110 15TWR18

120 CONTINUE SR1
130 IF INC aNEo 1) GC TO 150 ________ _________STR 20

I RITE't3'140F'- SIR- 21
140 FORMAT ('%ZS2X,*ThIS VARIABLE IS NOT !X COMMON. CATA IGNOREC.') SIR 22

RETLRN ______________SIR 23
---- STR- 24-

~aI ISTR 25
IF IN .EQ. NAMARYII)) 6O TO 1g0 _______________ISIR 26

IF(NMARYIFE~OFGTGI7 - STR-27-
160 CONTINUE 15TR Z2S
110 URIIF~ f3.110) ______ _STA 29
110 TORM5T7 11 0-# 2'WeT9T5VJMIA ET1 OT V, 01111 TUtC., ISTR-30

RETUJRN STR 31
190 IF !VARARYIKI oEC. 123,459E-1Sl GO T10 0______ SIR 32

_SRITE i342CO)-VAAAlKV(W) - STR7-33-
2CC FOi'MAT ta*.',2IXTHIS VARIABLE WAS DEFINED AS OcIPEI3s6l SIR 34
210 VARAPYIK) £X ________ STR 35

-RETLA -- - -SYR 36-
END SIR 31
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SUBRL'LTINE OROER(INI ORD10
____IMPLICIT INTEGER*2IA-E),LCGICAL*IIFI.INTEGERIG-J).REALIV-ZI ORD 2

II4TEGER*2 EQU(100910,I4T;PR~TsTt50l)
-COPPON /MCC/ VARARYt62O).NAMARY1440),EQU.PRTLST 0OR0 4

INTEGER*2 LNOEF12CO) 0ORD 5
t01'40l#MN /COIOP'N/ S7PCO0MSTTREGIvTPREG~vCWU200I ORt66

COPPO4N /GEN/ GBET(SO) 0ORD I
EIMENSION F(620~ _ _ _ _ _ _ _ _ _ _ _ORDO
CO ICC I1 1#62C - 'Rc9q

ICO FIJI = .TRLE. 10110 10
IN EQIJ19191, ___________ ORD 11

C SET LP LOGICAL ARRAY. ORD 13

--D0i I a 1,400 - 10RO0 15
110 IF IVARARYII) .EQ. 123.459E-15 .011. NAPARYMI *EQ. 0) FiIls.FALSE.IORO 16

CO 12C I = 402#6CC I____________ ORD 17
110 F 0ARARVtI1 .EQ. 0)-Ft1) FiLSE.--is-01

CC 13C I = 601,620 lORD 19
130 Ff1) x .FALSE. 10110 204

_C_ - ORD-21
C DETERPINE ORDER CF EVALUATION* 0OR0 22
C, ORD_______ ____01 23

Ca0140 Iz 2,10 - '10;t C_ 247
CO 1.C J -1*3.2 20110 25
IF IECU(2#1#Jl .LE* 0) GO TO 150 ___ ___ ORD 26

-140 FIE~tj(291,Jl) s TRUE-.- 20R0 27
150 ALPOS 1 01OR0 2e

GLPOS = I 0OR0 29
-- 60CG= 0 1011-04

KEED = 0 0OR0 31
CO 26C I z 3,100 IORC 22
IF (EQU(II.I,1) .EW: -Zr -OTOZ30* IORD33

IFtECUtI1,Z,11 .NE* -8) GO TO 180 10110 37

A-TO 145 - ORC--39
FCEQL(I1,294)) = .TRUE. lORD 40
GO TO 220 ____ 111 41

B1urCO 2CC K = 2, 10 20R0-4Z
IFfEQLl(I.K.1) .EQ.01 GO TO 210 20RC 43
IF I.IJ0T. _________))GCTC23 20RD0 44

~IF I ECUI 11 #K,1) . EQ. -10) -GO TO 20RU--
IF (.NOT. FlEQU(I,Kv2))) GO TO 230 20RD0 46
IF tEQuIII.Kt1) .EQ* -6) GO TO 200 20110 47

I~FEGLI 1,A 4) -. TRUE. -ZOR-48

200 CONTINUE 20RD 49

1 K + I ____ ORC 50
7210IF IECU(Il.1,1,1) NIE. -Z1- GO' TO-220- 10RDO51

+1 1 1 lORD 52
GO TO 180 lORD 53

ZZU-E8UIGLP0S.12-F--12'-----
EOWl12, 191) m ALPOS 10110 55
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ALPOS = 12 lORD 56
CLPOS a 12 lOkD 57

hCHG z NCHG I 1 lORD 59
IF (12 .LE, I) GO TO 220 1ORC 60

- CO- TO 24C -IORD-61
230 NEED = NEEC * I lORD 62
240 CO 250 1. = 601*620 20RO 63

--250-FiLl .-FALSE.- .. 2ORC 6W
26C CONTINUE lORD 65

C CR0 66
-C-- C ECc TO SEE-TF ACC-ECLATTC S-1 VE-BEEN USEC7 ORD 67
C ORC fE

270 IF (NEED .EQ. 0) GO TO 290 ORD 69
ORD -70

C CHECK TO SEE IF ANY ADDITIONS WERE FADE CN THE LAST PASS. ORD 71
C ORO 72

I FI1 CHG.GT-0) GD TO 160- ORD 73
CALL ERRORI9) ORD 74

GO TO 320 ORC 75
-- 2e0 RETLRN . ORD 16
C ORD 77
C IF INCROER WAS REQUESTED CHECK CROER. ORD 78

-C -- -- -- ORC 75
29C IF (IN .EQ.1) RETURN ORD 80

0 3CC I = 3*100 1CQD 81
IF (ECUI(I1,2) .EO. 0) RETURN- - lORD e2
IF IEQU(I.1.23 .NE: 1.1) GO TO 310 lORC E3

3CC CONTINUE lORD 84
-PETUR, .CAD 85

310 CALL ERRORIIO) ORC e6
RETLRN ORD e7

320-K = I .. .. .ORD 88
CC 33C I 1STPCOP lORD e9

IF INAMARYII) .EC. 0 .OR. Fill) 1O TO 330 lORD Sc
. .-- LNCEF(K)= - .. . lORD 91

K = K lORD 92
330 CONTINUE LORC 93

rO 34C I x STTREG4CO0 .. I..ORD 94
IF INAMARY(I) .EC. 0 GO TO 350 lORD 95

IF (Fil)) GO TO 340 lORD 96

... .L NO EF( K) I ... .IOaC 57
K = K +lORD 98

340 CONTINUE lORD 99

" 5--350-K -K -- - ORD 03
URITE (3,360) (NAPARYIUNOEF(I)l a 19K) ORC ICI

36C FORMAT ('1 LNDEFINED VARIABLES 0q/.10(5X.20(ZXA41,/ 11 ORD 102

CO TC 280 OR 103

END DAD 1C4
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SUBROUTINE RUNHOC RNE I
IMPLICIT IkTEGER(A-O),INTEGER*ZIE),INTEGER(F-UIREALIV-ZI RifE 2

-- INTEGER*-? EQU(I.00910909)R1ST1501 -e~~
COMMON /MOD/ V(620),KAI'ARVI'.00)tEQU*PRTLST RifE 4

___COPPCN /GEN/ ALBET4SO) _____________RE 5
-CIMENiSION ITERYf4,5),VITt4I RN- -

CIMENSION VTAB(3) RifE 7

___COMMON /ALL/ VLSTI50IvMCDA(3095) _____ ______RE 8
CO 1CC I -2.10 'RN 9
CO ICO J 1,3,2 2RNE 10
IF tEQUIZ.I,J3 .EO. C) Go TO 110 ___2RNE 11

Gloo V(EQUE2#1*Jll 11 V(EQut12,I*J+llr 2RPIE-12
110 ITR - a RNE 13

IF !EQU(It1.4) .LE* 0) GO TO 130 __ __________ RNE 14
NYT EQLI 19,4) -2 -RNEIS5-

ITR = NY RifE 16
CO01201 1,INT ___ _______ IRNE 17

_-1 _TERYjf I 1.1 0 o - 1NE- 1e
'EIT(I) = 0 IRNE 19
to 12C K a 2,5 __________ _____2RNE 20

-120 ITERY(IK) a EQUIII K- 2R4E- 21-
130 NEXT = EQIe(1.1.2) RifE 22

D0 320 1 1*100 ________________________IRNE 23
__KzNEXT - _ __ RNE-24-

t.EXT = EQUIN.1*2) IRNE 25
E0 3CC J = 291C _________ _________ RE 26-

- CP = -ECUINtJoi) 2RNE 27
IF IOP .EQ. 0) GO TO 310 2RNE 268
KI = EQL(N,J*Z) _______________________2RNE 29

- N2 = EQLIN*J.31 2RUJE -30
K3-EQUENgJ,4) 2RNE 31

CO TC 1140,150,16O.170.210.250,300,240,230.2901,op ______RNE 32 i
T4I0 V~i3) = IfNlI 4 VN2-- 2RNE 33

GO TO 300 2RNE 34
150 VWN3l = V(K13 - (N2J ___________ RKE 35
-- CO 10 300 - _ _ _ _ -- - 2RNE-36-

leC V(N!) = VINII Vt"2) 2RNE 37
GO TC 300 2RNE 38

&70 IF IVIN2) .NE* 03 GO 70--20 - -2RNE-' 39
URITE(3eISC) N 2RNE 4C

leO FORNAlls **%hARNING DIVISION 8Y ZERO IN ECUATION 9.13) 2RNE 41a
-- TF(N2 .LE. 200) wiTir3;190)rANAR~rNir 2RNE 42-
190 FORPATI$*0950X,'DIVISOR UAS *vA4) 2RNE 43

VIN3) = 1.CE6O 2RNE 44
- GO 70 300 -- 2---RNE-45

200 V1N3) - VIPE)IVtN2) 2RNE 46
GO TO 300 2RNE 47

-210 IF (VINI) t1Em 0) WRTE392ZZUI 2RNE-4e
220 FORMAI(* ** WARNING A NEGATIVE NUMBER WAS RAISED TO A POWER IN EQU2RNE 49

AA710% '.133 ____________ 2RNE 50
-- VtN3) = ASSIV(NI))**V(N2) ZRNE517

CO TO 3CC 2RNE 52-
230 IF (VINI) .LE. 0) NRITE13.Z2O) N ZRNE 53A

I3V AS(VN11I 1e.(-Vtr2)1 - 2RNE- mma
GO TO 3CC M~E 55
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240 VTAB(1) a VtNI) 2ANE 56
___VTAB(2) a V(NZ) ______________ RPE 57

INTI a VtEW. a3s3l) 2RNE 59
INT2 s EOUIN3941 __________________ ___RNE V'

T__ t7C'rAtLOK(£VTAb - TT~INiZVRET) I2RNE-61-
V(N3) a VRET 2RNE 62
CO TO 310 ____________________ __2RNE C-3

-507Co -TO A 26C*2?C,2_EC);1d 20! E 154
260 lF(V(Nll .LT* V(N2I) GO TO 300 2RNE 65

CO TO 310 ___________________2RNE 66
2?~FV(N I .EQ7v(NZ)-) GO -TO 14-0 2RNE 671
GO TO 31C 2RNE 68

280 IFIV(Ii) .GTo VIt421) GO TO 30 _______________ 2RtNE 69
~GO 70310__-__ VNE 70

290 V(N3i NI * V(P.2) J2'UE 71
300 CONTINUE ________________2k4'E 72
-310 IF (tNEXT .LE. '0V GO'TDT33CO IRtiE 73-
320 CONTINUE ZRPIE 74
330 IF (11R eGl. 0) CO TO 350 ___________ RNE 75
_34O1F_ (ECUI(1;10;11r ;NE;-0rc-CULPRNTf f0i RUE 76

RETURN RUE 77
350 CO 39C I a 1.NT _________________IRUE 7e

K a 3N'E 79
ITERY(fo.1) ITERYfI .1 * I lRNE 80

___IF (ITERYII.21 .%E. 01 G0 TO 360 1RNE al

IrT-(ITERY(I;1rY-LE-T-TEYTI;J3)FGUrTuI13O - 1iE E2
GO TO 390 IRNE 03

360 VR a VIITERY1921) _ _______IRKE 84
IF (ITERY(ll).GT71JGT00370 RNE es-
VITIE) = VR IRNE f6
GO TO 130 ______ ___ ___________ RNE 87

-"70'RTjAB S VI T (l-:VRT- laNE 88
VITill a VR IRNE ES

- IF (VRT .LT. V(ITERY(I,5111 GO TO 300 _________IRNE 90
IF (ABS(VRT/VRI.;GT; V(ITERVrr.v4)7107-GoWU74V IRKE- 91

310 ITERY(I.1) x 0 IRNE 92
390 CONTINUE ____________________________IRNE S3
-CO-0 34C~ RNE_ 94-

400 IF (ITERY1991) .LTo ITERYtK#31) GO TO 130 RNE 95
CALL ERROR 125) _____________ RNE S6

10'O 3 340 RV'E- 97
ENO RUKE 98
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SLS~b0LTj*E PR#ITOTIKAR) PRY I
IMPLICIT INTEGER IA-U 9REALIV-2) ______________PRY 2

-INTEGERW2YEQU( fl~Oc 4-foTT(SOY ~
COMMOJE /POO/ VARARl6201,klAVAY4O0J)EQU9PT PRY 4
COPMak /COPMN; SlPCvpST7REsqSTPREG9COMI200I PRY 5
IF(INAkFEQ. Of --G0 Y0-250 PY
%RITE (391C0) PRI 7

100 FORMAT till.* EQUATIONS// I __________ PRT a_
I. 1 -PR-9-

bRITE(3.1201 I,(IEQtJ(I9JvK)vKzl94)#JSl11 PRY 10
CO 118 I a 2,100 IPRY 11
1'FQ (~1.1*) .EQ. 0O' GO TO 130-- lPRT- 12-
NST =EQU1*1.3) IPRY 13

110 URITE(391201 It(IEOIJJK),Kz1,4)qJ*1,NSTl IPRY 14
-I20 FORPIAT 1/,13,1X,414,514X,414)/94(4X. 414)I PRT- 15
1?0 %RITE t3.140) PRY It
I&O FORM4AT (llill CONSTANTS*//) PRY 17

- CO 1S8 I a 402,6"0- - PRT 18S

IF (VARARY1I) *EC. 0) G0 TO 160 - IPRT 2C
'150'CONTINUE IPRT- 21
160 %RITE t3.1701 tlVARARYlltls40l*K' PRY 22
170 FORMAT tStSX*149. a *1PE13.611 _______ PRY 23

- kRITE(3.IeCl PRY -24
160 FOMA(IfIP// VARIABLES*,/I PRY 25

STY x1 I__ ____ PRY 26
STP 2 STPCCM "~- PRT 27

KC PRY 26
EO 190 1 a 1.SYPCOM IPRY 29

- IF (CCM(I) .EgoCY-GU-TU-220 'PRT-30
190 K *I IPRY 11

GO TO 220 ________________________PRY 32
-200 it 0 sO RT

CO 21C t a SIYSIP IPRY 34
IF (9EAMARtli) *EQ. 0) GO TO 220 IPRY 35

-noK~ - PRT-36
220 IF MK EQ. 01 GC TO 240 PRY 37

%RITE 13.230) 1INAMARY1!). a STY.KJ PRY !8
-23C FORMAT 12C(1013X1439* w 'jA41711 PRT-39
240 IF ISTY *EC. SYTREG) RETURN PRY 40 1

STY - SITREG PRY 41
--- T5P= 4CC PRT-42-

GO TO 200 *PRY 43
250 URITE 0,2Z01 PRY 44
-260 FORMAT 1! )~~PRT45-

CO 21C I - 1*SC IPRI 46
_____________________IPRY 47

I F- (P1TI !U I WYmU PR-48 -
270 CONT INUE WPRY 19
2e0 bRITE 13*2501 (NAWAR,PTIII.VARARYP(I))ital.KI PRY 50

-290-FaRAT (10I(5CXO5491' =-IPE13.61f11 ------ RT51-
f-ETURN PRY 52
END~ PRY S3
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SUBROUTINE TABLOXIVI .N1.NZ*VRETV TAB 1

IN4PLCI T IftTP-GERIA-U.REAL(V-iI ______ TAB 2
- CIEN3Ii~f VI3),btT(6CC),VXE1CO),VY(1i01I,VZI1UOI

READ I&12 b .INV,1ITI)I1,TV#I 9 UN3(Y(Ijl TAB 4
A NY*(V(I)lxlKllTAB 5

CltIX !tTERPtVi.NiXtN~sNZVT;'~*iV-vziVlE"91 n2I-t
RE ILRN TAB 7

END __ __ ___TAB a
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SUORCUTINE COPNOIS9TvRvERI CM0 1
IMPLICIT INTEGER IA-V)sREAL(V-Z) _ _ ___________CPO_ 2

- IPITEGER*2 EQUIO,109419PRTCSTIO) -- Coe 37
COMMON /RO/ VARARY(6201 .NAIARkt1400. .EW.PRTLST CH4O 4

___COPPCN /GERI ALBET(50) _____________________cloo s
CORON /IASI TAL202- CMo- 6-
EQU;IVALENCE IA1),9ALBET(Ill CP0 7
DIMENSION St80IR(40).Ct10IOIA). SAVISOIAf50).CDATt1OJ CR0_ 8

-C-- THIS ROUTINE CHECKS FOR CCPPAS AND RETURNS-T4EIR AWCUPENTS - CPO0 9
C ER a 1 IF SIATEPENT IS th ERR Cmc 10
C ER aC IF STATEPENT IS CCRRECT -__________CP0 11
-C -7 INDICATES TYPE CHO 12-
C 7 C EQUATION CH0 13
C I ITERATE ______C,:- 14

-C 2- INORCER C;WD 15
C 3 POCULE NAPE CP0 16
C 4 RUN PoD ____________________CPO 17
-C - - GET -pc --- e-O 1
C 6 GIVE CP0 19
C 7 POINT ____________CPO 20
C e8 CONI'ON CPO 21-
C 9 REAC CP0 22
C 10 PRINT _______________________CH0 23
1; 11- IF - GlTU- CP0 24-
C 12 IF - EXPRESSION CHO 25
C 13 TABLE LOOK UP CP0 26

C R IS THE ARGtUNEkT LIST RETUANED CPO 26
CIRC 29

Coll/ C II I TERCEWWOOIMUKPE. rmFC~utOJK!uw1U' C-14- 30-
CATA GTO ICOTO/ CPO 31

E ICC I COAT(S ICMO 32

I C CH0 34
ER =1__ _____ CP0 35

IF It .LT. 1?) kAIl) u0 ICPC 37
SAY(S) = 0 1CRO 38

110 RtIsa 0 1C"-a 40
C _____ ____________CP0 41
-C -- CECK-FOR IN11TTEZE - C0 _42-

C *CPU 43
IF t(Il .NE. A941) .OR. 512) .NE. 4013) GO TO 120 COD 44

- -IF 15133 .%E;-At4lI .OR;StI -o.KFA3MIT -GO TC-I2C CPU-45
IF ISIS) *Nl. A(411 .R. Sf6) .NEs £(491) GO TC 120 CPO 46
SF ISIU .&E. £13e) .Ca. SIU AE,. £141)) GO TO 120 CPU 47
FS 191 *RE. A1241 M;R-S 111-r.NE. A 145 1 f GO TCO 0 M_

ED TO 61C CAD0 49
C ________ CP0 50

C CMEK'FOR TABLE LCCX UP CP - R51
C CRC !2

12C 00 13C 1 1920 ___ __ ___ICWo 53
--.CT ~O.- At1111 -GUTr1j4D- 1_cR054

130K x I Ic"C 55
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Got T O5 CPO 56
140 K aK * 2 CP0 57

I F-Ts( I 4.EAT]lb1TiJL~T4 is1.2~IT1 -so15 R0
K - K4 3 CP0 59
IF (SIK) *EQ. A13l.AO.StK*II.fQ.AI'5)f GO 7C 530 CH0 60

- Crtc 61
C COMPRESS FIRST FOIA CKARACTERS CP0 62
C ______C"D 63

150OEo 16C 1 f,4 - ICPo 64

160 tKAII - Sit) ICPIC 65

1FTAJ4E-.EQ. GTCC OT0'M6U - _______- Cr0 6?

CO 170 1 - 1.10 1CO!0 6e
IF (CII).EQ.,4AMEIC!TO (190a210.220.ZeO.290.340,350,36C.370.38SC .ICYC its
At 1, X~1D 70

110 CCNTINmJE _________CPo 71
IF(S(II.EQ.A(431.ARO.SIZ).EQ.At45).APW.S131.EC.51301) GCTO 390 WOD 72
Itr((1YEg.At4l1)ANC-.SIZ).*EA(M 11C0lTE390 CPO -73
Eft a0 CO 74

_____ ee1 Ia =1980 ______ _1C 75

IF -(S(it .EQA(1)YRETcRVCW -CF 1C 76
leC CONTINUE ICrm 7?

RET1UjqtN CMD 19
-C CRC EC I

C ITERATE STATEMENT CR0 e1

C~ I 121 a IO FItmbl- CPO 82

C R131 s TIRES DEFAULT a 50 COD E4
C~~r P L EFAUL7r~ 5 1 CMR0 e5

C 01S) s £701. DEFAULT C CR0 e6
C COD el

T a 1 CR0 89
CO 2CC I a 1.6 iCRO 90

-200-S(11T- CC 9
S(71 a AM3 CR0 92
Cii) v AM3 Cr0 93

-_ CALV7RVZEITi_* --W_____- - - COD 94
C C!c S5
C UINC RON _______________ _____CH0 96

CF0' 9V -

C121 * A144) CO0 98
C(31 £132) CPC ss
0T41-- A1I35Y1 ---- O 100

=CIS) a A131 COD 191
CALL COPROIC*S.SoNN*PS*11 CRC 102
K1(77. VARALRyIUWV CR0 103

C CH0 104
C FINED TIPES CR0 10s

CRC ice
C121 a A1301 CR0 IC?
C131 - £1411______________ CO0 13

t14~I111COD 1C9
CIS) A 1451 CRC IiC
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CMA a A9311 CP0 III
- C91 a All) _____ __________CPC 112

- CALC_0WFCfC7*S*NM._NK f 0 ~COD 113-
11(3) VAm&-%Ytftl CR0 114

= CF14A CPO 11e

C CR0 117

~C(21 A(3C) CFO 119

CM4 r A1 35) CP0 12C
CM5 a £1381 __________ CR0 121

_ _Cf6)__ £11) -CO0 122

CALL CO'FftO4C*Sq6#XR*PSq0I C'c 123

_C_- CR 125
C FIND PTCL CO0 126
C __ _______ CRC 127

C(3 At!4)~ ~CM0 128-

CiZLL~ ~ ~ CPWC*9fWVI-_-- CPJ 11
R141 = N CR0 132 -

= COO 131
RETLAM~ ON VI__ _________CC 134-

C CP0 135

C INCRCE- At*EEN CPO 137

RilsN C."0 1452

Skm C"0 141
[RFLt Cr C 142 8

RETCM CR 145

C CRO 150
C 0COULEMAE STATEPENT CR0 151

_C '11 - R IS Y VTILV CCRTUIWl TRF-PCWXE-APE19 -tCPUS-S p1 1- CP 15 z
C *CPC 153

22C IF 15(5l 00E. A(3LSI CkoS?),M~. A136)1 RETURN CR0q 154
T= CPO0155A
CO 23C t 1.80 ICRO 13£

R I ________ CRc 157
_tsF1- I (.07A EllTGvT- 1CMI 152-

=230 CC.'NTIXUE 1Cro 159A
CALL ERRGACIS) CFO i&0

RE TI CM 162
240 K* 1PO 3

IF (KS .Cy. £0) NS - 77 CF0 165

139



0. CPO 1e6
cO 260 IaKOCS,4 ______________iM 1*1

RT s 143 Icro 169
IF 19T G01. 50) %1 8 0 IcCe 170
L u 1 'b01
Do 250 J a 2,51 2Cr) 172NAILS a SUJ) 

2________ CA_______ _ ZC 173

=CALL NtA"cMP(NAMf,1C I 1C'o 115

-- IF 114 .GT. 801 GG-10 270 - -ICNO 177

IF 15(1*41 .EO. 0I GO TO 210 ICC 116
no cnnt~ ____ ________ It'D 119

BETLUN 151 le

C CPD 183

14 C" IlST

!E C COt iei

GO 10_ 24t crc in IS

-C--ET STA1EPE NT"_ Co 192
C ail! - RE4C- CONTAIN LOCATION OF ARCiJRENT cM 1%3

c ___CPO 194
2901PI (Sit) EO.-AlT) .crssE1tlh ETURN -CFO_ -- tw 15

15 CPO 156
5-3- C'C15

Co i - q

3CO 31 1 9 X.8 1C C
cc - ~ -.- -I- -e 1CD 201

IfgS!II.EQ. 05 CC TO 320 ace202
330 CONTINUES :cmo_ 20)

L aC CRC 2w^5

Nc =N *1 ICFD 207

KAIN) = S(31 IEC as
j~~ fe * A, 1313 Go TO 330 Zvoo, 1C c 20

0AN 1R 210
ta.IIL 1

If ICP EQ. 1) msAill £1?) 1CC)2
CALL "111MAJA 19 IR 1

Bit)- -- ' CPO 214
NaCF ICC) 215

NAM. 0 Cr0 217
SF (CP .EC. 11 tAil) ki4t) CR0 218

-- CALL 'LR(A-~ZC
IULEI Ce 220
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ER = 0 CMO 221
RETLRN CHO 222

........ -c223-

c GIVE STATEPENT CMD 224
c R(1) - RI4) CONTAIN ARGUMENT LIST CMC 225

- - CMO 226
341) IF (S(5) .EQ. AII)J RETURN CHO 227

. . . K_____..... . .. CM0 228
t _CMO 229"

CM = 0 CMD 230
GO TC 300 CFO 231

CFO 232
C POINT STATEMENT CPO 233
C R(1) CONTAINS NAME LOCATION CMD 234

S. .. . .CMO Z35'
350 IF I(S5 .NE. AI3011 RETURN CMC 236

1= 7 CPD 237
.. A.. II = S'I 6) ... Cr-0 238

KAM23 SIT) CMD 239
hA(31 Ste) CMC 24C

-NA(4Y -S(5)..CMO '241
NAIS) 0 CPD 242
UALL NAP(NAvJ) CMO 243
R(l) a J C1'C 2 4
Et = C CHO 245
RETURN CPD 246

C COMMON STATEMENT CMD 248
NO ARGUMENT RETURNED CMD 249

C. CMD-250
260 IF (Sf51 .NE. A(35) *OR, S(61 *NE. A(36)1 RETURN CMC 251

1 is ( CMD 252
. .K z . .CI6 253

CM s 1 CHO 254
GO TO 306 CMC 255

-C _ , - -,--.. . . 'CHD 256-

C READ STATEPENT CPO 257
C NO ARGUMENT RETURNED CMI 258

.C-__- "CMC 255"
370 IF ISM5) .EQ* All) RETURN CMD 260

T a _ CPO 261

- ER = C CMC-2tz"
RETLRN SO" .63

C CMU 264
-C- 'PRINT STATEMENT- -- CMD 265"
C Rill) - Ri4C) CONTAIN PRINT LIST :MC 2-6
C __MO 267
--3 0-I F" ~T$ 7N'E- -TJ$T-RETURNC tPO 268"

T 10 CHD 269
CM C CPU 27C

- *-- -CKD 27l'
SO TC 300 CMD 272

C CMO 273
C FSTATE MENT- - -CPO-2 74'
C Rill CONTAINS FIRST ARGUMENT CMO 275
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C 4121 CONTAINS LOGICAL OPERATOR CMO 276
C R0)1 CONTAINS SECONO GP!RATCR CHO 27?

C. FOR IF - GO TO STATENEKT R(41 CONTAZNS POINT VAR LOCATION CP0 279
C CHC 2ec
C - oF0b T - CR0 2el"
C CFO 282

390 CO 430 1 - 380 ICHO 283
--- 1Cv0 2*4

IF (Sit) .EQ. A13) GO TO 410 ICHD 285
400 CONTINUE 1Cm0 286

ER-C- CmC 2e?
RETLRN CPO 28

C CPO 289
CL OOX'FYR-'s,-SIGI CHO 290
C CRC 2q1

410 CO 42C I aKSO IC0 292
IF-cSIF"E-I"T)'G-F-TO ICPO 293

420 CONTINUE ICMO 294
C CH0 295
- - F'ND GO-la CRO 296
C CPO 297

CCIl) s AI431 CMC 298
CPO 299

C(31 a A130) CR0 300
C(4 - A(35) CH0 B01
CALL 'COPN0WCs-4WRP c9G~rV 3C2
IF (PS .G1. 0) GO VC 430 CRO 303

CALL ERROR (191 CPO 30k
- CRD 315

RFTIRN CMC 3C6
43C R42IM M__ CHO 307

T- 1-- CPO 308'
C CAD 309
C CFECK FOR ISLT R121 I CP0 31C

CMO 311
440 CIM) v A (411 CPO 312

C(21 s A131) CM0 313
-- C( 3'i--AT3fI CPO 314

CM * A(301 CR0 315
CALL COMFNO(C#S*4*NN#Pt#O CMD 316

- --1F IVEO 7'-0-UOTO' CHC 317
R(3 ) NH CO 318
R2) a I CPO 319
GO TO 480-- CHO 320

C CMC 321
C CHECK FOR ISEQ RI2 1 2 CM0 322

CPO 323
450 C3) a A145 CHO 3Z4

CM v A(331 CPC 325
-- CALE'COMF'1. gb*wg S-OT - - CR0 326

IF (PS .EG. 01 GC TO 463 CPO 327
R(31 NA CR0 328
-- I2'- CFO 329
GO TO 480 CFO 330
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C CHOMC3
C CHECM FOR ISGT R12) -3 ____________CMD 332

-c tPv'O33
460 CM3 A4431 CPO~ 334C(4) aA(30J_____________P 3

-- CA:L COMFN0(C_,4 _NK.'S.6F _ CMD336
IF (PS .EQ. 0; GC TO 470 cCO 337R(3,') =NM - _ _ - -CMD'33e
-R(2) = 3 I03
GO IC 480 CPO 340

470 CALL ERRORIZ)___20_____________ CMD 341
-- 'ER - I - CMC 342

RETLRN CMD 343

C ________CPO 346

4eO C(2) =A(441 _____ CMD 3471

CALL COFCOSNc(,SP S ;0F--------- CPMO 348'I
IF (PS .EQ. 1) GC TO 490 CPO 349
CALI ERROR(211 _______ _____ CPO 350

- .- ER = I - mCM 351-
RETUJRN (tIO 352

490 Rill = NM CMC 3534
E= C - _ - - - -CPI'354-

IF (I .EQ. Ill RETURN C 000 355

_____ ___ _______CPO 356
C-'PjT EXPRESSION 1N-S-- CMC 357'
C CMD 35(

E0 5CO I z1.80 ___ __ ___________ CI'O 359

PtETLRN C"C ?fl

C __CMO 362
L -SAVE EXPRESWISOtU1N3AV_ - -- CI'O 363
C CMO 364

510 K 3K 1 ___ __ CPO 365
= -CI4D ,66-

EO 520 I K900 lCMD 36?
!AV(L) z Sill _______ __ ______IC14C 368
!(I) = - --1CM0369-

520 L xL f I lCMO 370
SM1K-I 2 0 CMO 371

CO TO 44C CMO 373
530 1 =13 ______ ___ CPO 374 I

K~42~ - M-375 19
CO 54C I aK#80 lCHC 376
I(tSIl .EQ* AUII) LP a CMD 377
5~UTP $11F7mA5TWPrT ICYO 378 t

S(LP) = 0 CMP 379M
SIaPI - C - CPU 3eC s

-LP-= LP + I ~CMO 381
AP RP -1CPD 302
KVI CMC 303

C?'O '384
Z;C 560 1 Lu.RP ICrD 385
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IF (Sti! *EQ. A(2)) Sf1M 0 MCOD 3M
K___AM~) xS! ______________MOD 387

£F ~ 1CMD-3ES

R(21 aNV-1 ____ C1C 3S3
-K C c -~m 394----,

___CO 570 1 %.LP I 9

L I 1--ICM 4C

___CALL K'AP-PPINA#NAI'E#NC) C___ POD___402
CO 58C 1- ICMD~ ic 4 7,3

IF I IABLitt ) oEQ. NAP~E) GC TC 600 ___ _____ CPO '405
- F (TABLtI ;1 I .EC;0rOTG0-590 MOD' 406

1180 ONTIU ICO 4C7~

ER =0CMD 413

63 ONIV 2CND 415

-- CALL ERROR (1-______ CIO '.12
E'0AR~VE(.6 CMO 433

o6C INIILZ STA1.16 TCMC 4322

L A II S111CPCO 423

SI!)S z 0 1CI4D 4257
CO (NA30 .EQ A2l)) 601 6 ___ CPD 426

PIw(!1 = i0I ICMD 439

630 COTINUE 30CI' '41

CALL ERORMI OD144



CALL MAMMNAK CMO 441
CALL PMVZERISoN6) _________________________CPO 442-

CO 670 1 z 1,16 ICHO 444
KI ICHO 445

1ST(1 a~TU 'CM044?
IF( )0 NA____AM___~j *Q 01 GO TO 680 _ICHO44

-0 l1CMD 44?7-

P2 z4-P2CP45
P1 P1 + (3-P2)I ____ ________________ CHO 4S4
CALL RMVZER(StN6F -- 'C)' 4!5-
IF (Nt .CI. 0) GO TO 640 CMD 456
ECLJ(2#1,3) z P2 _______________________CPD 451
1' -14* CMD 458'_
ER- CF'O 4!9
REIuRN _________________ CR0 460

-69O"IF (S5S_.LE.;AU24)7GTD-7u CPO 461-
7 C CMC 4f'
ER' C CH0 463
RETURN[ 'Clw 464-

700 CC 710 1 z1,4 1CP'0 465
710 SM ) 0 _________________ICRC 4fe

--CALL RNVZER(S9.KT_ CH0 467-
CO 72C I z 1*K ICMO 468

720 WAMI x Sit) _________ICeD 469

CALL RAM(NA,K) CM0 471
1' 15 CPO 472

R(1.iKCM0 _473-
ER a C CPO 474
RETURN CPO 47S

-- EN(J
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SUBROUTINE COIPFNCICSONONNVPSVR) CPF 1.
IMPLICIT II'TEGER(A-U). REAL(V-Z) ________________CMF 2

UITEGER*2 EQU( 1C0.'lO#4f.PtTSTf5O)
COMMON /NCO/ VAPAkV162C)#KPAARY(4COIsEQUePRTLST CMF 4
COPMCN !GEK/ ALRET:50) _________________S___

TIMENSION011,- ;($f 80FNT16f
PS a C CPF 7
NiM a 401 __________CMF 8
-S 1- 1 ci' - - - - - --- gF -

100 to IIC I u STaOS 1CPr 10
Ka _____________CPF 11

IF ISM! eEO. CliD) GO TO 170 1COOF 13
110 CONTINUE ____ _ _ICF 14
UC VIF (t .EQ.CY RETURN -- ___-ClIF 15
130 00 140 1 v 402.600 1CIP- 16

K1 _____________ ICHF 17
-~r ~ CPF- le

IF (VARARYII) .EQ. C0 GO TO 150 1CMF 19

140 CONTIl.UE ___ _______ CfF 20
~P S z V--- - - C04F -21

CALL ERRGRI21 CPF 22
NM a 0 __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _CMF 23
OAN- C'F 24

150 VAfARYMK a Rt CPF 25
16C %I*_aK CPMF 26
RTUPtC CMF 27

170 KS a K 4 N- I CPF 28 CF3
ST = 4 1 ___C1F 29

CC 190 1 a KwKS 1CPF 31
IF ISM! ANE. CILI) GO TO 100 1CFF 32

-T8I-C +-I *T CIF -3
0O 196 KOKS ICMF 34

190 S(I) - 0 ___ _____ _ _ _iCMF 35
~2 S41- -CMF 36

L aC CPF 37
DO 200 1 mK,80 ____ CMF 38

_______________________________- 1CVF -39

IF 154!) *EO. 0 .03. StIl *EQ* ALBETMI) GO TO 210 1ClPF 40
_ L L t__ I__ ICPF 41

W~Lr is1TF - 1CYF -42
200 S(1) s 0 1CP'F 43
210 KA(L.1) a C ________ _____________CPF 44

-CALl-HAMIRA4 CMF-45
PS aI CPF 46
CALL RMVZER(S,K) ____ CHF 47
-RETRN --- - CMF -4e

END CMF 49
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SLBROLTINE MAINIk HmN 1

___IMPLICIT ITEGER(A-U),RtEALEV-Zl M____________ IN 2

LOGICAL CM "IN 4
____INTEGER*2 MPG(ICC,6),PRTLSYflOO).CETLSTI100I M 4 5

COIPPCN /BUG/1 DEBUG MINP 6
COPCN. /PAIN/ VR8(620).MAPS1400).PNPGPRTLSTGETLSTFAINM(200) MIN 7

.- CO4PO' /ALL/ VLSI t5OlPOONA1(30951) "IN_____ P1M
COMMON /GEN/ ALBET(50)- 341M9-g
INTEGER$2 EOLII2OC,10*4) MINM 10
COPIFOM /MCC/ VARARYI6ZO).tAPARYI400) .EQU "IKN 11

~Cn Ice I1 1.100 IMIN 17Z
Co 103 i 2 it. 234KN 13

100 PNPG(Ij) 0 _________ 2Pff 14
EQ 2 -MN-15-

PC C MINM 16
N__PT M ___________ IN 17
t'GV I M1INT19r
CARD 0 04 INK 19

IF(RID EQ. IOR. CARD *EQ* 601 WRITE 1391201 IN2
lic -RAT III)- N2.M~3O SN -______ ____________ 2C

a 0CIN2

DO 14C K 1.80 IN2

___IFl(I).NE. ALBETl*3TVNXRT-T-.IIN3
IFISIK).Eg. ALBE~t 131 ANCo NRT.EQ*01 N9 K 134KM 31

140 IF(SfK).EQ. ALBET15OJI CRT K K______ 32
IFICPT .EQ.81) GC T0UO - ______- 4133-
PTHS a114- NB "IN !4
kRKTE(3*1SC) CARCeIS9I).I I91CPT)vIALBETI3I -1,MTM'SI.(SEIII RIM 35

--- A CPT.%R) -- - PIN- 36
150 FORPATI5XvI3o2X9120A1) MIN 37

Go TO 170 "IN 3e
16C URKT13915C) :ZARO.S - 1 39
170 EO 180 1 =1.80 iIMI 40
180 IFIStI *EC. ALSETI131 *OR. I 4GE.CPT) Sil 0 iIM 41
--CALL RMIVlERtS#K) 11 N -E4 2

IF(K.EQ.O) Grj TO 110 RIM 43
C wIM 44
C_ _ CHECK FCR OE8UG - -____ -RKM-45,

C IF SMM 46
IF( liE. ALBETt46).OR.S(2).NE.ALSET(4S1.OR.%,I31.NE.ALBET148) RIM 47

rJF.OR.S14.E.AL8ETt291.Ot.SZ5)oE.AL8ETI43I) -C-TOU R-IM -48
PNPG~l,1) a 1 RIM 45 V
CO To 110 RIM 50

1-VW0tONTN1JE M13C31-
CALL COP'MO(S*T,ft.ER) MIN 52
IF IT .EQ. 0) GC TO 340 -- M 53

F( EQ0.l5)CU-7WA4v uMIN54-
IF (T .ME. 0 .ANC. ER.EQ. 0) GO TO 210 MIM 55
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2CC CALL ERROR(26) MIN S6
Go Te 110 PIN _7

-0-cr-CT -mi2020-3-2 0;7,1 8 9;EO, 1T#k--8

GO TO 2C0 MIN 55
22C "NPG(EQvl1 -IN 60

- - NPG EQ2) a M Yl IN- 61

PNPG(EO;3) = R12) MHI 62
PNPGIEQ,4) = R(3) "IN 63
1'NPG(E095) = Rt4) "IN- 64-
PNPGIEQ,61 x RIS) MIN 65
EQ EQ 1 KIN f6
co 7C 1c M-IN 67

C MIN 68
C RUN PCO STATEPENI PIN 69"-C~ ..... 4I 7C

230 CALL KONANEIKNUoR) MIN 71
PNPG(EQ91) = 4 PIN 72

.... NPGEQ,21 = PNU .IN 73ONPG(EQ,31 a RC P I f 74

EQ = EQ * 1 MKI 75
RD =C 14If 76
GO To 110 NIN 77

C MIN 7e
-- - GET STATEMENT I rI 79

C Pl1; 83
240 NO = NGV *40 0 o

-- )PNPCIEQ* I - 5- PIN e2
PNPG(EO,21 NGV PIN 83
K z I MIN e4

CO 25C I - NND;NGV- -- ltI ES
IF(RI(K .EQ. CI GO TO 260 1%1 e6
GETLST(II 2 R(K) P1IN 87

'50 K-- K * I .. IMI- e8
260 PNPCGIEQ,3) M IN es

NGV J * I MIN 90
E0 EQ * 1 fIN 91
GO 10 110 KIN 92

C PIN 53
r---t POINT STATEPENT MIN 94
C MIN 95KIN 5

270 VARARYIR(IJ) ) EC KIN 97
.... TO IC" MIN 97

C MIN 98
C READ STATEPENT "IN 59

"K IN 1CC
2eC RD a I MIN 101

GO 10 110 KIN 102- KI-- N 103
C PRINT STATEMENT KIN IC4
C _IN 105
-290 ANC-= NPT 4 40" PIN 16

PNPGIEQ*1) - 10 KIN 107
PNPGIEQ.? = NPT MIN iCe

: IM!N 109

CO 3CC I a NPTqNftD IMIN 110
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IF (R(%1 *EQ* 0f G0 TO 310 iI 1
___ Iu _______IN 112

3CC K aK *.1 WKI 114
310_PNPCIEQ.3) 1 __1_ ______ _____________I 1

EQ zEQ MI ~N 116
KPT =J M plr4 117
CO TO 11C M______ ______ ______IN 118

____~~~-m N ______ -P 119-

C, IF -- GO TO STATEMENT MIN 120

PNPGIEQ*21 R11) PIN 123

PP(EQ.0:)= _R(3)~ L1IN 125FPNPGE0951 R(4) "in 126
EQ z EQ *______ I____PIN_____127___

cc Ia0 i -MIN 128
33C CEBIC =MNPG1I.1l PIN 129

RETURN ___ ____ ____ 1 ~It 130

3S40 CC 35C I a 1#6 _IHIN 131 3

%All) - lt4 137

Sf1) = 0 1~ 1N 1:'4
IF tt.AII) .EQ. ALBETII)) GO TO 360 ININ 135

350 XAhl.1) =C - ______- N 1-16
_3eC UM(K z 0 MIN 137

CALL NAP(NA*K) PIN 138
ONM6E091) =3 ____________ u 139

- UPCIE0.2) =K -. PN 14C
PhiPGIE0,31 401 Mil i-i
PNPGIEO.41 z 1 "__ __ __________ IN 142
PNPGIEQ,5) = 401- MIN 141
CALL R~vZERIS,Kl pill i4
IKPS Pt 3 P 145

=IF (Sill.EQ ALDETIil -GO TO>400- - MVN i46
370 If ISM1 .GE- ALBETt231 .AtJ. S11 NE. ALSBET(S) CO TO 410 MIN 147

EO 3ItC I1=115 IN_____ iIN 14a

KAM = Sill IMIN ISO0
IF (S(Il .EQ. ALBE~tciS .QR SI) .EQ* ALSBETtI1) GO TO 390 1PIN 151 z
5i1l) = C - -1I'q 152-

=396 KAiI.1) z C iMIN 153
20K4)= 0 4I'T 154

-= CALL NAP(NA,K) - -- PIN 155
P.PG&EQ*.PSI K MIN 156 -

CALL Rmv1ER;SvR1 ___________ _ IS? 15
IF (K .GT. 0 NAO IPS --LT. _5 -C ovT(,-00- P !'l 1Iz5

E Q # I PIN4 159
GO TC 110 MIN 163

I --~MIN 161
IF (5(1l) Z~ ALSETISI; SON -1 ftIN 1W
S!1) a C 14IN 163

-- CALL RAVER is.KI PIN 164
PNPG;EQ.4) SiN atilt 165,
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CO TO 370 "I____________N 167
410CkSf- 60_ - - - 'mfoItgte

00 4ZC 1I 19K IMIN 189
hAft) - Si) 1"I" 170

IF uIM .EQ. ALGtTI451I NSY 2 1MN 172
IF (Sit) .GT. ALSETtI?) oAPN1. leST .LlE. 01 GO TO 430 Ile 173

420 Si1) 0 1M1?4 175
430 CALL leAPucleiK) MIN________ 176__

lePIEQ,4PS)- K_ MIN 1?.
CALL RMV641S.K) MINe 178
i- tK .GT.C .AND. lIPS ALT. 5) GO TO 370 " IN 115
EcQ7iEO .1- MIle lea
C6 TO 10J C11

44,0 PNP6(EQ,1) a 2 HIPJ ±82
VNPG(EQ,21 a 'f 1 9I MIt E 3

EO2 EQ + 1 MIN e 14
CO TO 110 MIN_________ _____________ NIe 15

--- END'-11. 186
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SUOSRMTIfti MANSET MST I
_IPPLICIT IkIEGERIA-U),IEAL(V-Zi ___________ 1ST 2
INTEGER02 P14PGtlCC,81*iPtILSTt10oo1GETLST(100, MS-3-
COPPiON /PAIN/ VRS 1820) .NAPS14OO) .NNPG.PRTLST.CE7LST.PAINWI200I 1ST 40
INTECERS2 ECU! 10C910.4) M1ST 5

- COIQO't /PG:/ VARARY162Oi ,)A!AR1I400I.10Uj 51
COMMON IbLGI DE5UG MST 7
OICC APSI Na~A~ ti4Cr icT
CO 1C ! 1. C0-_ _ _ __S VARARYt ) IMST- 97

C0 111 1 z 401 .620 ___________IMST 11
-110 vab(I) = ZIRARYt!)- IPST12

tF tEEBLG .%E. 1) Go To 140 MST 13
6 (?, t.1C) IPQkPGII..J)*J a1#6Z __ __________6T 14

CO 120 1 = 2,100 l"9ST- 15
IF t'Ph-PII1,1) .EC. 0) GO TO %40 !PIST 16

120 URITE 13#1?CI IffN~Giti.SiJ 1.6) IMST 17__________
-13C FOf~mA1 f/tEU4) -0S I 5 t 1
140 RtTURN PST 19

- - E'iC P____ _____ ST- 20

A

ME__ _ _ _ _ _ _

-4



IMPLICIT IP.EGEqIA-L).,REALtV-1) ____SIM 21
INIECER02 E8LjICC,.C94),PdILSI(S0 - ST94 3
COaq'Ch /'OC/ VARARY162O).NiAIARY1400).EQUPRTLt T STM 4
COFPCP. /GEN/ ALBEI(50) ___________ST04 5
CIPE'iSO. STI2C.CONAPII S7N" 6
N! = KOONL" # I ST94 1

IF C'API) U'E. 1) Go TO 100SI

!F(ECL191.11 .LE. 0) REIIRN - SWK 19
KS EQLI1.1.11 * 1 S11' iCN
READ (56N5) (STIII12OI STM 11
P.tEC zSIM)- SIPw 12
cc Ic 5i T" 13

100 RSACt!'1) !.POC.UREC S IM 1'.
X.4 = 'iREC SWP 15N
S11 = NiREC ST" 16

110 Iyp -a I SI 17
- r E 1?c I=1Iccq5 IS1TH 18

IF(ECU(Iw1.1).EQ.O) GO TO 140 ISIP 19
S zI3*4 1STO 2cR
hoqIT= 4 *@%EC)"G3KLP*TYP4M EQUJ.X.KL).L- 1, 4),K-l1. I3z 1.S I 1ST" 21
ED 12C J = I.S 2STA- 22
CC 12C K = 1.10 351" 23

- c t 2c L = 1.4 4STP 24
120 ECLIJ.K.tI C 4S1" 25
13C ?.qEC !sR C 1 ISIA 26
140 SIM7 = N EC -1 ST" 27

IYP z 2 SIP 2e

.kC * 1 SIU 30
hR!TE(4&'NFC)WCONUP.IVP.IVARARY(I ).1s301.403I Sim !I
&PEC = UREC * 1 SIP 12
TYP z3 - TH 33
hRITEt4fUEC)HC0PWTYP.IV. RARYVi)I =401,500) SIP 34

h N1cz Rrc * I SIP 35

%I14%NEC)ItD.Lv.TY9.IVARARYII).I2z5O1.6OCI SIM U6
ftEcc z UREC * I ST" 37

TP= 4 SV
TAIIE (4 OEC) PCOPLP, IYP (APAPYI I I I = 10io 100 - 51 38

P.RE C z -*A EC * 1 SIP 4C
h"IIEI40'N:EC)HPOON1JH.TYP,CNAHPAaYII3II I 101.2001 ST" 41

2RE a %EC 4 1 S1" 42
1i~s~I4qECICNLP..TYP.(A'ARYII).I = 201.3001 ST%# 43
.%I 3 zE C lit1 44

iztTEI4e'AEC1"trD'ItNTYP,INAHARYIII.I = '131,4001 SIN 45
= P.EC 2 #AE-C 0 1 SIN 46

IYP -5 _ __SIP 47

P.aEc %RE 0 1 SIP 49
15D Ic IWC!);Aw(I1 .EC- 1) RETLRU SIM so

- WE* I -SIP 51

=co Itc 1 21.5 15TH s2
160 Srt~s) FOtIAMII) 151' 53

~I~5'III()1 1.20) - SI" 54
i. I7:E(S'1)%OcvpNrEC SIR 55

REILQM SIP$ 56

Elio STo 5?
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SUBROLTIME PAINRk 144N 1
IMPLICITI INTEGER (A-Ut .REALIV-Z) ___________R 2
INTEGER*2 -NG PA-).RLT10),ELT10~MN 3
COPP0N /PAIN/ V (620)tffg I4003.PPGPRTLSTC-TLSTMAINI12801 HM 4

-COMMOU /MOO/ VRBa(6201 kAMSt4001 MR-'C6

COPOth /COPP%/ STPCfW*STTREG*STIlEGCCP(200) ERU 7

k 1.RIIE (3:1C0) "____ __ Ali kk-

0O 110 1 = .STPCcM imam 10

110 &Pit) CCF(I3 i____________mam 11
IP 2 RN--12I
VVJ = 1.2!45SE-11 PRk 13

120 IF tP-PGI IP 1) .EQ. 01 GO TO 270 PAN_______1___

IGO z RUPGIIP.1) NRN-15 _l
CO 10 (13CZSC.2eO.150O.1ot4o.14o.140.140.?0.230.1401,IGO MAN it

130 CALAIC!IP*GNU1

IFIh EQ.G(IP.3) .EO; I@3 -AL ATIK PAN 27

160 F~T 1280 @54 mRl 22

140 IP a 1.1.E.P CA Iwa KRE 23

(0 10 120 __ MZ&N 34
110 KNU P.PGIP,21 PRU 2S

CALL GETMO(IPON) RRN 36

IFW 0GU1 C 1Q IAT 1310 S.STM MU419-1S 1MAN 3

IF (PW111 EQ ItCL Ue PAN31 4
00 170 1 2ISPC IP49 3

2100 S -PNP6(IP.21 NRN- 44

bITEI. ) zMM(PTLS)( PULTT)IiT lpRI 40
220 F0uAKRNR4 ',P1.6)! 14

1P A P 46 1 MAPE 542
GO TC 120 PAN 43

230 (GOz PGIP*31 Mit 5
IF IV"PG( IPl9II.Ev. AVFf7GE 092 OV101VPPCZPu PIR" 46

CC TC 120.2020. .MRN- 55
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240 leIr wWWG6NP*2)).Ll VfNPGcu,,,,ussP - V1P'C(!PS1-1 rim 56
NP a IF *1 pHIM 5?

250 If IVlwWCNlP*2)1*f0 VtWSPCIIPq4l311P - vtmnPfIIP*,5l-1 kif 5
IF alpF * 1 RI" 60
W16 20,61

250 IF (VINNPG(IP*ZII.GT, VIRWP-P41M)N - WMIPNPI 3p5)-1 RP 62
Np w IV * 1 PAMf 63

COT0~~~~RAf 12 -_4_____

270 RETURN RM es
250 CC)f4GjI.'.U.RVPPlN.~.OV~I~ TO MC _____M if elE

IF fP.NGt!P*Z) .LE, STPCORI VR8IMJPGtIP.Z)I a Vt ;PG(I:V2): waft 63
IV_ w IF * I "got - -

-C- To 120-- FAWl

2*C IP - t(PM-9GlIP*21) KIL' 7
GO TO 120 Pau_________ ?___ ______ 2

--340 ALL t*Rftf347 Pak -73
CALL PCLPP(VI 1),PNPG( 1CO.63.0I FaM PC

- ; TURN__ 4" 75

REUA~ ____ ______rp_~7

EliC - - .?12



SUBROUTINE ITCHt4KP,CO.) ICK 1
- WLICIT IKTEGERIA-UJ)9kEALiV-Z) _____ ____ICK 2

INTEGER*2 M (ICO.6),PRTLSTQIO),GETLSTI10I,- 1CK-3-
COMMON /MAIN/ 'V(c2C) ,Nf'0C) ,0,PRTLSTGETLSTtkIAINPtZO')I lt.K 4

___CIMENSION IT(Z,10),VAL(1O) __________ICK 5
IF(CON .NE. -7 ) GO T0 11- ~ - -1CK £-
CO )CC 1 1.10 lICK 7

IcC 11(191) 0 _______ ICK 8

RETURN -I~

110 O 12 1 110lICK 10

K4iIIK F -CK 11

12 OTINUE IICK 13
CON 13 I_ _ =__1,10___ICK 20
1F Z;(P2I , . -) ET iK--- 1-ICK-i21

130ALNI) z Q(P2)ICK 12
RE0-l(1 K -tA _____________ ICK 236

T ! T(2,K) = IT2 1 tCK 19
CON = 0 ICK 25
IF (P'(P,2) .EQ. C) GO ETO 6 ___ __________ ICK 26

VA(K VMP,) ICK 22
REALK Z_____________ ICK 23

- IF(,K (ABSI-29K4-- .L.(I6I)O'CK 24
IFIBU1V)V)1 L~ ((,))CON ICK 31

1IF (1T,2) E. C)PGO)TON 160____________ ICK 26
--Vl =C1? EC.Xl Of RTURN1 -
VAL(KI = V2 CK 39

IT129Ki =C _ __ICK 35
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SUBROLYKNE GE IMorjo4N) G614 1
IMPLICIT INTEGER(A-U)*REAL(V-Zi 6TH 2
IWTEGER*2 EQ (100614fIPRTESr(1501F
CO'PCN /HOC/ VARARY(620),hAPARYI400).EQ 9PRTLST GIN 4
CIMENSION SI(20),PODNAP15) ____________GTH 5
I'OCNA~vt 1If- I - -GTM6

IF (ECtlv1,1) .EC* MN) RETURN G7M 7
K5_ta5ION1 __I GYM 8
CALL STOMOC(MOONAMoMN------ L- T14 '
REAL f5sNi) ISIII), 3 1,20) GM1

___ REC, ST(6) GV1

D lOc IC z 1,1C095 IGTM 12
IF (NqEC .CT. SlT)) GO TO 110 1dTM 13

S 4 1+ 41GTM 14
READ (49NREC) NAP,TY*4 LI ,KL.I14.K1-)IS~GTKM15

100 KREC, a NREC + I IGTM 16
110 REAC W4NRECI NAP,TY,( VARARYIIIz-201,3001 ____ ___ 6 17

NREC, NREC, *-I - -G1M -IS
READ (4NREC) NAM'.YI VAAARY(I),!z30lo400) GYP 19

___REC xNREC * I GYM 20
REAC W4NREC) NAMqTYLVARARYII)9I-401.50O) -GfM 21
tREC = NREC + 1 GYM 22
READ I4NREC) NAPtTY,(VARARYII),1=501960O) __GYM 23
tKREC-i NREC, i1 - GYM 24
REAC ('i'NREC) NAP'vfYof NAlPARYfI)*Iz1,1I0I GY~M 25

__ REC = NREC 1 6WM 26
READ (49NREC) NAY'.IY.I NAPiARYII),1=1019200) GYM 27
f :C a NREC + I GYM 2e
k ' 14'NRECI NAMTY9( NAIARY[Ilt!,2019300)_ GTM 29

S REC 1 GYP .40
READ (4sNqeC) NAP,7Y,f NAPAR'r(l),1301,400) GYm 31
N4REC = NREC # 1 GTP 32
READ I4*NkEC)'NAPTY,t PRTLSTtI),t=1,50) GYM 33
E01191,1) = FN GTM 34
IF IEQ(2,1,11 .EQ. 1) GO tO 120 GTM 35
CALL ORCERIINO) - GYP 36
EUI2tltl) 1 GYM 37

120 RETURN ___ GYP0 38
EN0 GYM 24;
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SUBROUTINE PDNANE INUPoNAM) MON 1
IMPLICIT INTEGER(A-U),REAL(V-Z) ______________ON 2=

tZOMMON /ALL/ V1ST(50).NOOA)095.3Vioh i
CIMNtSION KAN(S) MON 4
CO 110 1I 1930 INON s

IF (MODNA(itt) .EQ. 0) GO TO 120 111DM 7
IF (NAM(l! .NE. POONAII.1)3 GO TO 110 ______IMON a
CO ICC J2x1,5 2N cqFq9
IF (NANItJ) *NEo POONAPIIVJ).) GC Y0 110 2MCN 10

100 COlNTINUE - _____________2DN 11
~RETURN 1"N-~ 12--

110 CONTINUE 114CN 13
CALL ERROR1(23) _____mfN 14.
FETURP; ODN-15S

120 CO 130 1 1,5 INON 16
130 POOI4APINUM,1) aNA(II ____ _______ MZN 17

- RETLRN -- 10N18-
ENC MON 19
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SUBROUTINE MAUMNS$ TIN 1
IMPLICIT INTEOC!RIA-WetEALIV-Z) TIN 2
co~k/h-YT TIN ,j
COMMON IMOC/ VAR 1leh),All 6400) TIN 4
COMMON /TAB/ TABLIZ2ZI______ TIN 5

INSfON, a I C~z3.baT1~Tvw~ho TIN 7

KSZ', 13f71 1_9

CID) a A(361 TIN 10
C(2) a A(451 __________ TIN 11

uIN-12-
CM4 a A(45) TIN 13
CIS) a All _______ ____________ TI1N 14

~CALL COlFNCfCS.T;N~viP3O TIN- 15
00 100 1 - 19.80 ITIN 16

-IF (SMl .EG. 0) GG TO 110_____________ ITIN 17
IF~sr~do~ar~----IT I ~N 18

ICO IF (Si) *EQ. AM6) RIP a I IITIN 19
110 NV = I ._________________ TIN 20

.-L-; _c TIN 21
__CO %2C I aLP#RP --- ___ TIN 22

CFSIF*C-)(T 59111a)TN 4
IF ICILl .Ne. 0 AAD* _-P .NE. I I GO TO 120______ ITIN 26

-Vr+I - -0 - -IT IN 27
CALL NUP(PCVt) ITIN 28
kSZtklV) UK ITIN 29

S=C - I~TN~3

Kv n~ NY I 1ITIN 31
120 Sit) z 0 _____ ITIN 32

N'T-S NV-Y- - TIN 13
%RITE 13,130) NAP(NMP19NS21I).I -Io1NT) TIN 34.

130 FCRMAT t/195x,'ITABLE *tA493X9*SIZE 0 *T2613*T3iI3T29***vT34q TIN 35
AT3T3'' TIN 36'
URITE 13#25c) TIN ?7
ca To tiec.160914C).NT ___________TIN 38

I~0RIT l3150"~TIN :9
150 FORMAT (0*996xegl) TIN 40
160 IARITE (3,170) I________ ___________ IN 41
I17C-FORNAT tl*#*,19'X#*Y'I-- 42
180 IRITE (3,150 TIN 43
190 FORMAl 19*032xvoXv) _____ _____ TIN 44'

- NZ(1'NSI?)NSZ3-TIN- 45
NIT a NSZ(1) TIN 48
KYT a NSZt2) TIN 47

-- -T-- S~3 I . -

REAC Iu,?CC#ENCa3CC) (X;I),Iw1,NXTl TIN 49
200 FORMAT M310.5) TIN 50

iARIIEI13.250) - TIN--51
URtTE (3,210) (X41loselsfIXT) TIN 52

210 FORMAT l'.',27XEt2XIPE11.4).12(/,28X.SIZ2X,1PEII.4))) TIN 53
TYF(NYT-.EC. 1) 'G ZO 70-220
PEAD (1,ZCENO-300) IY(Ilolo1.NVT) TIN 55
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IF (NIT *Ego 1) GO TO 220 TIN 56
READ £1,Z009ENO0300) UZ1).IulNZT) TIN 57

NST a NIT TIN 59
bRIfE (3,250) ________TIN 60

IF tINV .GT9 3) WRITE13,Z'.01 III) II t2
IF INV .LE* 3) WRITE_£3,250) _____________63___

-- cc 2e0J -j 1NTZTIN 647

IF (NV .G7, 2) %RITE 03,230) VtJ) 2TIN 65
___REAC(19200) (V(K).KuNS*NSI) ______________U_

URITE (3t210) (V(KltKsNS*NSTr 2T1116
KS5 a NST # I 2TIN 65

230 F0R151 tl'%14X.1PEll.4) ___________ TIN 69

'-240FR'A 1/.ZE.IPEII.4) - 2TIN--70
IF (NET .NE. 8) WAITE (3,250) 2TIN 71

250 FORMAT , ts __ _ _ ___)__ _ _ _ __ _ _ 2T_ 721
--60' ST x1 NS NXT-- --;I 2TIN 73K~ TIN 74

CO 210 1 1,20 ______________ 11 75

---- IF IABL£I,1) .E. 0-G-TO20- ITIN _76-
iz ~IF £IABLII1) *EQ* NANIWN)) GO TO 290 TN7

27C K -I + I 17111 7e
CALL c^RROR (7~ TIN 79-

280 IABL(K.1) - NAP(NNI TIN 80
7ABLIK*21 NV________ TIN El

-290 IF ITABL(K,92) .NE-0-W)-C--"ROR25-- - TIW482-
URITE (60K) NT,NXT,NVTNZT(V£i).I=1NT),XI),Iu1.WXT),(Y(I).Iul TIN e3

A qNvTltII),I*1,NZT) ____ ___ __________ TIN e4

RE7LRN -- TINe5-
-=300 CALL ERROR130) TIN1 86

RETLAN TIN 87
'FND -- _ _ __-TIN e 1r
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SUBROLTINE INIERPIVI .NX.WV.NZV 1!.VX.OV.VZsVZT1l tIlT ICIMENStOk V113),VTENtX.NV,NZI,VXIIxI.vyINy).vL(WZI 314 2

CALL CETINCIV1IZ),VV.Ny.W19VyyO9N2,2) IN? 4
__CALL GETINOEVII3).VZ*N4flVZ.1423) 1141 5

106~ VRET - VTINXl1Nv1.NZl) +VXD*1vT(14x1.1,yNYZ1)-VT(NX1.p#Yl.Nl,, tNT I
IF MlY .LE6 1)_ RETURN __________ IN? I

_*1i11VRE I-
kyl *Nyl *l 1141 10
VRET uVT(hIjlNv1.1Z1) VXOIVTINX.1NNV1ZI-Vy(14X1,14v1,1Z1, 1141 11
INvi - -1 T1

VPT2 VRET INT 13
VRE1 a 'Pll A VYC*IVPT2-VPTI) ______________14 14.
IVf(NrEQ.I) 'RETU---~
IF INIM :EQ. I) Go to 110 tNT 16
VPT3 a VRET

KNun NZ1. I IN? 19
co O log 10 _________ ___ NT 20

110 RET5 aVPTfz.V~jTf Itt4VN -21
RETLRN 1141 22

- END- ________ ________________ 14 23
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SUMaCUTItNE GET:*'tV.VA,T,NV,NA~tIVAtI GIO 1
CIPIE4JSON4 VAM1T) G___ ___________Io 2

--COPnsGU -/TAB/- TABL12ff-2 - O -

1ihjDvPIF (N7 GT* 11 0 7ET1013010

I V LE A )GO TO 120 -GI 1
EIlwCTNEV.01

120 _ __ __ ____=_________ ______________ ______ _GI __13

__ _ __ _ __ _ __ _ __ _ __ _ __ _ _ _ __ _ _ _ __ _ _ _ _ 1I

-13CCALLERRG (29)' - GI -- U
URIT (3140)T~f~tNA5*l9ft~fitD GD 1

.140FORAI 7ASE NVE g#A*l ARIBLENO 09124 VLUE AS , GG 1

A IPE3.6)--Glt-1I1

=~ fil -- GIG-= 19==- =



SUBROUTINE 9UGPT BUG 1
1I4PLICIT INIEGER(A-UI eREALIV-11 BUG 2

COPPON /COPP%/ SlPCOPlSTTREGSPREG*COPfZ0) _ _______BUG 4

IF CCOII) .;Q. C) GO TO 110 bOUG I
100 j I 18UG 8

IIIFJ EQ-.--0l GC T0-130- 8G5
bRITE (3,1201 ICOP1I).VARARY1II),I 1J) BUG 10

120 FORMAT 10 COPPON VARIABLESo*/#lOI5I5MA4v0 **R1PE3*6111)__ _ BIG It
_ _ - - --- BUG- 12

CO I.C 13- STIREG94CC 18MG 13
IF !N'iMARYII) _.Ec. 0) 6GO TO 1S0 IB__ ______1UG 14

146-3-w- --- IBUG 15
150 IF (J .EQ. 0) RETLRN BUG 16

kRITE (!t160) (NAMARVII1VARARYIlo - STTREG*J) BUG 17
-16010OR9AT-(* NON'COPMCJOI VARIABLES# ii*1O(5I5X-*A4q- O-IVETY-61) I- BIG Is

RETLRN BUG 19
END- BLG 2
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APPENDIX II
M'ODEL LISTINGS

UTILIT"Y MODEL

CE.144,.., P7tJ.IRAoSFC

C-AluN k ,PTfjtSFn*F

__-P- _T n(%r
-4AuOD SILL

9114.4J:2 MAX AANGE
PUN MOO 10JT,.L F~UEL

40 l-tl STAT sEIG.Nr
=U% 4Jw uxa~S.S *EIGHT

-FLI a F
ZU'i X1J ST~iAE OLD D&TA

P1,I.iT uuPmsEfFL~vLG*PTC*PRAvSF%-
PflI~s) PjAT

,U% mia 5.E SIZE DATA
17s a. 0

rouN IxjL SIZE

2U .4..-a MAX iANGE
'ZJO 13 TOTAL FUEL

uFZ FL
OUN ?iLi AaiAL .EIGHT

DUJN M4Ua J IS kEIGiST TbO

f ;,UN flj& T u AL!0Ow-ACE £t.L CRUISE
-U% AUO MAX PIA-1GE

MFLI NFWL

QU% m4L, LRkGR

IF !I- Is 61 mATQ, Go 7 I-lza

P 'I"T ivoW1.AioE2,.WL#PL1.PTC.PaZA SFC
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FIA ii

SOi M.)P3C IT

ITAT_ U_ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

2j% A.jo CuftS

Rtu4 iEJju 0 ALI~ivA'NCE %NC (ftU1SE

p N "u TOTAL FUEL_________

IfT1 3TA *lf I

~ P3A, 1I3E~ IN

mA~hT______
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zI 1000

YAR I4

SL 10)

-CR- 400

hRA timE Eur5.SEZE -(21

o 1. 5

TLBL ham J :LT *SIZE V;I
k0%;&4~3 bih .33 10.C Z4C4 2f.5 E+4 516.0 E*0' lu.4 f-0~ 2C.0 !EtC5 'L4.0 E.OS

I3CJJ. 47o.;7. 5 3733.kOo ?8517 3.Ie8l E*6 1iac71.3 E.~s

0 1.5

i~.Lr9~t.33333 14

0st. lw 01* 30000 4 ihlU. Sat*. e0000

1.0 2. 3.0 .i 15. 12-,Ni ~ 0

7 -*~ j~q C4

TA'4i MAKE N 1VO,-SI1E 2 ill!14

0 200 0 C 010 * Se .0

O~x a------- W4ig,,1.6,3



00O2 027 0"! .0665 OOqZS .1-451 L64'2 zei17

o 0 0 C 0 0 a *0053
.0115 . C?62 .57 .Of30 .1db, z.4163 03158

0 0 0 c 0 0 0 CI00
.00 0297 a0650 .0726 c i076 ldsa~ Ole 'rL1

O 3 0 00 0 12
u03 i414 *063!- .C5~ i 1LQ7 2,e 3730 .3280

UAr 3 04 C 0 7

0 3.5 .03535 .CI!4 .1382 0211-C VJZ70 .4c-12 *6252
a-k 971 IS 1-

04j .00ao 111?3 01996 .2907 .419a OiS67 * 6 74Lt
.0d37 .17 .9303 12

0 0 0 C .. ,aj .~120 *C262
*0443 *1352' .43 .241C .36 S7 .5u .006C *7833
rbT C, 27a, -CS1A ~1-4 1-a IOU

000 0 .UiJ54 3z .0264
0516e o1241 02141 .35-f .522' *665 o 1 1 Ie

0 0 0 0 0 .guZ, .ull 061
.1296 .2151 .3367 .50'6 e6'P51 .6ic? a.3763 00355
-C 9 -9937 I-C 1.0 .Q1 I L

0 A235 06cce o 7&C3 .92"1 .QN1. 946 .9993 1.0

0 0 DOLE~ *014 .0640 .I~ji .s73 2 5a
,67 0--55i 0 C!42 *9q9 O"Y76 IOU L.u 1.00

-1.0 IR-V- .L 10 l0j.L_
0 .0cef .1420 #2P92 .4.j77 003, 07q
.0291 *9794 r..Z . 120 1.., IOL, 1*

.2 0 0714 .*20c 05O-t% tat.i 07C00 .6600O
95501 0 SbOc 1.0 1. !*0 IOU1. 1.0

cQ. 1.o a 1.0 1.0 1.. u~ 10
TA&Z~ iUAME rW-P*SllE =fC.4)

A.0 E-32.0 E-3 3.0 E-3 SOO F-3 7.0 t-3
'-.0 c 6c i.e ioo_____
'2 P.j E-4*5... E-'67?C.i; S-463G0C E-A.-z,.0 E-4 7 uuw;.j E-4

a7~~ t-45j.2ZL F-57C.C E-4IN,00.0 i-4S4-S- E 604. 4 -4_

I Z BLE :4I4E a P N;SvSil- * 9t.41
lo.c E3 .-. 0 -1 3.0 S-3 S.0 E-3 7.u 6--3

-Lo0 6.o a. 0 Ul.02
tS-a 5a.;) 52. 0 '7.0 '1!.0 33.0a
Q4j 65.3 l2. 0 f'Y. 0 50.0 45*u____

790 u S5.o'.
118. 08a..* 76.0.0 i300

1.3 E-32.0 E-33. C 634.C E- c733'~E
'0 6* 1; Boo 10.0
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.06 U6i5 .07 .075 .08 .59 o1~12

126.a. 92 *; 73.5_ ___

I LZO j 11. 9. 1.2 ei.0

lt. U 00 C1.00 79.8

11-6.4. 13.1 9408 53.4 7rC*3 70*1 CS.I 6000
1IQ ~u 125.6 102.5 0900 StOo3 ?366 e-T.') e'2.Jijtti- iIf~ ~1~ , lii5iE45 -S--a
illo.. Pij. 0 90 73,0 57*o3 E-Z.5 570-3 M3.

l32 211Z 120 CO 5 42.2 7tP 71.3 67.o5

-= 36. I 1. 15.2-- ;- LAI - 2 j7.
i7.5 1-46.5 121* 115051. 5 93a.1) 7o! e
119.. ~ i i ~ 1 21 ___ __ __4s_

99. S76 3 0- 73.2.A5.j3jj.4- 060 !'
17'9-? 1.r. 126. I -)-r3.Cbz o 10 3 A2-1 2061- 77.0
1-13.3 1357.5 13'.C 1l1.4 al.? Io.,. 0400 75.5
1I ."Okq :z1480 1170! 10241 9ZO5 r- 4.35* 730.9

01-r 1 1 .5 4c.C 131. 12A- & 111.5 . 72.
I .5 13.5 11 Po 130.o2 1230 coo 111*.3 E100

1SO5 161.7 12S., 13. P 103.2 911o. 0* 104

I1-15.0 z Z los 1 1'-.5 13'0 1268.3# jj9.7 114
i76.1 126.2 it'2. 1343 1.j ~ .4,13.8yo

il~j14.5- 112.! 141.0 -'s1.5 ___1oos13.
159. 1250! 116.8 12. as-~11.

_*;. _ _466, .2 13a.C _ 11C.7 111.7 !%2#.1 49*2

lit _. J Itt4.5 11. C 131.! 10 141a05 144.0 120.5

'0.5 l6. 5 15. ___ 130.2 1200 1___ 11&3_0

7200 161. 1"60 134ot -.C 110..3us 13u.0 10700
2130. 160.0S; 10! 13o 2.. Z . 1#

ICZJ 740 1405 13~a 2b 3 IS-1640

_t~ _ _00 _ _ _ __, _ I4. 3* . .tc*13



cc)!.,j -45.3. E C Z-4601. C E-t-V-3.3 E-47;. E-7s3. C-7LI r-4~ ~ E-45c.w E-4L.,CD. E-4&3O.C '--4 .0 E ,.. E-47a0 -Al

"20 J~O E--57.0' E-41-23.0 E-.753  E-'".oa E-4'#z-.. C-%UL F-4ttaoo E-4
&46- z~ -' 3 C__ -42*F E .. 47v-J -ju0S4S. -

= 
7 . -51u f'-6C t74.COS C-40.. 4 -.. ~ 0 -42OZO EQ-4

-~E-4 :Coc-& 3 .- =&-e3.C~L3* z-1.v3 L1%3 2-41Z1._ E-4

- ~ EJ -4~. -'.6f5.C -- 72,C -&AQ3.O o E -41220. E-4
- ''. 58Sou C--673*C E -770*C E- -r-S-3.jj4 c . -*1213. f-4

I. '73.Z

t 412-35 E-4'14 -C

-O6. E-47.FO.E41C.-?3O E-3.-~.1 . E-41795. E~-4

1tt. U -tw*; 6 2S E--1* E 120o --- 1& -- 4_ __ 10--* E4

-. 1.1.C t-4,065 EJ1720k E-1.,- E-20t 1- . -
5!). 1-73. U _____________ ____________________

4-71 0 E 70" u E 4=3-.C E-4 1 63 I--.f-2 3 . E 4A



MU'DJLE tiAME SIZE

C02AA'Ltl VRLPM
CC-'4MuN. ALTtUAT

Pr = flALT/'14530OJ**5.*255 PktSSuRk RATiO
Tv=(UAT*273.161/288o 16 7tMPt4AJURE RAV'IO

P10 (.u51l~t*(L/DR*.41+2.424E5*VPCGl)/(l-P4/Luu) PumtR AT TAKEOFF
PRA CRC12. =T-1) ICTAL EN61NE RATED HP

0 = 3*,O*PTu*TSS*-I*-**.g*CL$*-.5 TORQUE AT thuIht OUTPUT BUT MiR RPM
F = *33 5 *Go%*.6 6 7 CURRENT UTIL17f tIELL u/I; EXTr-R*4&L STORES

S 0L/bL SCLIDITY
C- 3.1416*R*S/NMR PAIN RCTOR CHORD

VM TS

NP PTO
f-ti NEN
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ALT x 4%)uOq CATa359 VRC=5CC, PP-5# NEN-2* CL S 8,S S Ou

4
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MCO-LE 14AMI1 7 0 ALLCbI4%CE A'iC CRLISE

C4,4%JI4 (TIM
ALT a 0
TtMwA
WFL a 0

tl(-ALTj4300**'.2f! PRESS RATIC
El S-JA I -YAA. I PEs I11 - FL L ILNCP_________________
WFL=^I-L+FL TOTAL FUEL USEC

b.= nFL FIN~AL Gb.

ALT 4 UOU
IAT j5

KPz.9174
015 a 50

VP 1-ALTi145300)**'.2i5 PRESS RA&IC

2a Pk/lA OENS. RATIO
OLN r- GwfI3.141'W***DO

*A= ZK~PR I - 0 pAO LTP -1l AX HP I~l
FOW a F*/o RAC-bEIG4T PAR*14

SAS a 7J-SM.15.?*(1S-0LNhI(fFCh*1ooo3*0.25o08' STALL KTAS
TLS z SAS

PObiZT~bLL P~i(FW9ULNtTAS)
P;* x PU 0 6/KPP

LEP."dJI LT P P vPRO ___ _______

zn P * V.pou
fAS TAW5. A: I5F~pwLNPC.,

DsFzP/fPR*i.%*S.5*P2A)
SS TACLE SFi..P(PPFJ

FL TM* P $F0 * SSF/eC

s h5LFL

a TTIM±TM ___
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ICJENAME P AX RANGE
,-C ('04MhiuuztRA.* Ej-PT.QjAflLCkEL aSf FUsWfJL. ____________ _-

COM404N 11194
INITIALIZE SAPL2O#TAb=eC.OEL=59FL1 a
IP1 IJIALIZE TIM] 0 _____________________

ITERATE CN TAS,&TOLSIl A/S FORPA~'X AAGE
P' (1-ALT/14530018*,.25S PRESS RAT!G

_jQ 2..612R1 - _________-

PR/TA DENS. RA71O
DIN = Cr/E3.1416eR**2*C0Rl

__t_ Yo( A* ?!~iLA.U . AX HPq A~Ai -___________

FOW a FODAI,. DR~AG-5EIGHT PARAM
P x 9*PA

POwzrAfBLE PRwdE-0N,DLNTAS)
PMaO=PU..$Lso/KPP

SSF=TABLE SFC.P(PRF)
SAQIN'SAk

I .ASU LSEI PRO I ____-_____

OSMp 2L SAR - SAAL
SAS a7u-Sm*j5.74(j5,-DLN)/t1F~ih'3OOO!'*.2598) bTALL KTAS

f AS I,%JiLAAADf-L 0 _______________

IF wSAR IS #PT 1).TAS aTAS.GEL
TI" 6u) 4, Ul/TAS
FL A IM 0 K~j... SF0 S5. I________ 6g__

af- x FL IFL. - FLI.
FL FL

TT M = Tlr__* 71 T1401__ ______ _________

71,.l a TIM
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ALT a40JO __________ __

KPP a .9174
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34OULE N4AME =TOTAL FUEL

f kLP/lk~qujJ*WFL*tl-fRCP/1001) FUEL 1'hCREMEftT

F - WLF

[ 174



acp 8 Ia

___ __ _ ___ __ __ ___ __ _ __ __ __ __175_
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ME)4.- NAME~ z STAT WE IGIIT

cC"nJit Ikm,ftu,vmHPz,4P1.oCAP hoS, Ca 9N" 8ODY biCft,Wci

-B =*'.9316*)0N*.65*-N~k*O.41Jl SLADE WT
NGW ). Za- ',& cL9 .. LLEiE.i~PP3T1~ ALLjJLAII U&a-

42 8*02/Ab BLADE ASPECT RATIO

pp" = 9.549ovm/Rm MAINP~ OTOR RP!A

FLO 1*DL~'JiB

-F= 1.4.iiOL.M*O1. 5 3 HORIZONTAL ST~eftL1ZK LALLu.LAIONS

LU .25'~..' FUSELAGE LENGTH FUSFLAuc utIurl CALCULATIONS
I. j~Asa'. 15-- ;G5 LAE- C'-* AJ

Ir .2E3~tm*.O RCLL INE;TIA
t4 .. eSr'S12 FLSELACE HEIGHT, M4AX

wTPu *41owoej.7 V'AIN I-EEL TREAC
TTR z 13.e$P2I'RPP rI

LTP#9 I .- :7&(T**.334 TAIL RCTCR PvLCh LENGTH
OT z *jo7pPOI.22 TA!L 607CP RACILS

A-%z 3A*..J7i3M,*O.z73__. LEGTI--CF TJP~
hpY a.5OsA*.7!'TTr-00.42*TPY**.24 PYLOJN ot: IGt-T
P-1= .36*t 5ORT#LT,P)O..'F*TPYV*.74 PYLC- PftOf-IUt ARtA

Z6.5"*riPe**.2!7*EhFOO.37 '.ACELLE VCLUME

'I 5,e.5,jp/3P" P'AIt. RCTCQ TCOCUE/10O

oA% vE-.u1 *~L. 0A*owEI53 iP*. 51; _ ENCINE ALCczj4amY atIGMT~.cs 3 -:GCLI%$, SYSTE-4EIn

-S LO4.*P~O1,tPLO UiVRIC*T1ONt SYSTEM
isS - LLSYSTEP _________________

.5SS3 J.oIIvHZV!1*CtEG/EKFI*#I.37 STLqTLNS% -%YSIEIP
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SH4P *U245*rfV2**O.-37 STARTING NCRSEPCWtER

QM5= 5251 *hiP2IRPM
ACPv = ji27**wMR6**.?t6 ACCESSCRY DRIVE PROVibaQN

nITm~ KiTfk.PMa2e*.62!*ITR IN'Tfi~MtLlhTE TAIL RCTCR GEARBOX

~ 6'. TAII RICTOR 4GPAR~NIX

GP" zL~r.M**/q27e6 Alt ROTO~R FCLAV INERTIA
APU EL JIL - 4aalijUP_________ _____%L%

wFIA =.17aLPs,.32*(LLIm*HiJ)**.14*Cw*8.O*ENF**I.o/n~ib**.62 FIXEC WEIGHT
%,Go .LSMU&*.493NNYtAL GR(SS hIm~tplT

-Ct i-b..L....ISF bI1-HTrn lfjLKN-f-llcw%

%U= o~ nt2 * FLO

*FC s FC ASE
pte * SnL # wFAC 4drrl I f kF* hPS* C + isc * Mu

LPC a .C.SZ * .LSZ
%OS z RS *ACPV W IlTR *hTRB m7kRS *LPC *bEDS # smk5 * fmk

hfA s Itts n EXt
I.E-Sa u,;Te*T;IL~teCy*mt.614hFC4h@ESf PRP4WFIX4APU *UING

I.LSI z ti; 0 &LS
w05a3.594; 0 CAP4,?711

hIN.) a .53 4 WsEAC
=tx a .470 EAC

hC S.: I * ioU.
ISIS5 .4. 0 LS
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ZF 1 FL4.OINrG ROTOR

OC I 1 i&..TOR 8RAKE
KFUSs .042d C.JVFN~T IC'NAL GEARED

KITR a .2Z96 STATIST1CAL BASELINE CONSTANT f o 1NT&mE!:IATE T. AfT. G9
KTRS a .2Thr TAIL ROTOR GEARaOx 4.wfST-----STAT. BL.SELINE

T- 0*58 TAI JJ!LYL vfst4&T EL 5 - STAT ASEUkIL

NUT - 4.5s

SG ap 
KNA a.9

TP a O
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')IJLE %-4 3t STC~ik CLO DATA N

umPI,# a mPL
'LTJ =ALT

00 __ _ _ __ _ _ __ _ _ ___.4_ _ _ __ _ _

Goo_ = _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ Go

a E IZ = -az-4I

S~v~m. %E



'I9OULE .NAXE kr-b~ SIZE VA7A

wPL a wPLt)

Qaao



M.ODULE N~AME ANAL WEIGHT

CUJ'44N buL*ftl~,b00Y
= ~Cfl'4UN TAILtnaLGI

DELQ a CI-ANGE IN TORQUE IN IN-Lb
QILZ5 a w*12 ICRQUE IN IN-LS
DE~II T U.LLLQLLal-.._____________
DELZ = AgiLf a3LAOflQILB)
DEL3 - Go/G^J-1

zE4 x~# m Ifl4At w plL3*tL*FI~~Shj.uj)~
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MODUL.E NAME (.bROSS b.EIGin7 TkO

GW mM2*wFL1,vPL*WCR
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MOOULL NAM'E =PAYLOAD

CO'.C#% WFLI~nCM

OR zPf/T,

GLI z

,.PL2 GpZ. - sfr32 - CR IkFLI



= PCIDULI: NAME E RROR

-~ COK~uN G.
Gbt Coun *1.51POPLA
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mfl-IJLL Ni-MIC PAPC COSYS

Ct =PR.'*(56 6E--3*PRA/%FEN)
~~ I~29C~~5 *_~370~AIE?~5~l

CGx-37to: 4.?5$e.A
CO CtT 0 LL # CM * CE *C(

CA YkksCP'SL/taP
CC = ili*335-*i

COIA = CP *LI CA
CO =CC *CPtOL
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,4nDLE 4-4E J'MAX
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'M0UJLI: NA'4E P'3YO.CS

lAbLE PYLD(Z
V= PPL/1%)L)*&PL2

P~UFF JAi:Lf Pod: I I
PUF PUF I II)
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U(m~Li NAM4E M AI!NT COSTS

Co"uuh UFLVT11
OLF = G/~

T c .53*/(L . 0 1 7 7)/ 1 C 0 3

!C- w.-. JALI '.Zut), LF:? a 7%/T*(.301e11.Ew**1.323)
15: A=H ISLT .42JOT. Ci)PL =TNIT*!1.Ole!hEP,**.S.

CP~ri s IL91AM(2*00FAOSL) *CC CH?
CF#A. z aFL6.50.2'

P'QIUT LPIA.CFMsC09CFUL9TTIP
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UGor.0L. NAM': trVE-i P~C3

i1-TIAL1Zc 0,A O,PT C.C'MT I
P4 I - jeupts

~~ IA~ULJIP.PJ2L- 3. t-__ ___3__ __ ___APR__ ___I_

AR 1.45S1-. *c42C:(~ (CC.%11R l*.4I*CCNI~lCC.v3

.ITR I.5-~42I(Cu.%Is'*1R*0.4I#CC-%2ICCh3

IF ATI IS LT AYA, ATR = A7T

ATI AT
~ AT! j~-2-3. All z -7321_________

PT TAOLE TPRO(AT'.tml

FA D #.'a"l-LPT#PT1J/2I A

IF -AT 15 %,1 Tw.Ax DEi.1 z 0
If .s IS .*-T JmAAv J5 J .5 CLT

ITE;L-TE J. .5 *TCL
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CONTROL MODULE FOR TRAsNSPOR17 MODEL

2 COPPOE 0V1.CWZ#WLO*WPLI
3 COWPON PTD*PRA*SFO
4- CON1404 GWO9 WEN- ---- ----

5 CONNOU )eEN.NPTAStENYAR.St.NOPLv'RMFLDPHf.PRAOCV.NFH
6 CO3PPON £.PTC*SFO.F

a Compaq IoxA.IDXO
9 COPKCN4 iPL2

I*-0 PCItNT CNE_____-

it RUN Noc SIZE ______________ ____ __

12 RUN ROD r 0 ALLOWANCE
13 -RUlf POO- CtP8 _____--___

14 RUJM HOC CRUISE AT MCP
1s aLIN HOC FL 1CHT IDLE
-16 RUNf POO CLtPS _______

17 RUNW MOD MAX RANGE
18 RUN POO TOTAL. FUEL
19-RUV MOV-STAT VEIGPrT ________ __________

20 RUN "Go CROSS WEIGHT
21 ITERATE ON ~v. FROM ONE, AZOL u20

-22 -VFL Iv WFL - _________________

23 RUNf POD STORE OLD CATA
24 PRINT ALT9OAT

-=24 RUN MO00 JNAX
-=2? POIN4T POAT

2&- POINT P L -___
29 RUN MOO NEW SIZE DATA
30 ITR m 0

32 RUM POO SIZE
33 RUN ROD T C ALLGUANCE

-34 RUN POt-CL IFS____
35 RUN MOO CRUISE AT MCP
36 RUN POO FLIGHT IDLE
37 RufME- ctOD -
38 RUN NBC MAX RANGE
3? RUM MOD TOTAL FUEL

- - ~~~~~40 - FL2 - WFL-- - ___ -_ _ _ _____ ____

41 RUN NOD ANAL WEIGHT
42 G92 - G
'43- tMNMOD GjtOSS -UIiEHbT- Ian
44 CIS GM
45 RUN HOD 7 C ALLOWANCE
-- a-RjN PO -IPS--
47 RUN POO CRUISE At MCP
48 RUN MOO FLIGHT [DLE

-44-- RUN POO CLIP9S
=50 RUN HOC MAZ RANGE

51 RUN POO TOTAL FUEL
-52 RuNg PC--PAYLOAD- -- -- -

53 RU% P3O ERRER
54 ITR aITt *

-55- -IF ITR IS CT PETR, -'GC TO-THRE - - _____

56 IF ERR IS GI 20. COTC TWO
S7 POINT THRE

-58-PRINT-ALT9AJAltdT-

59 PRINT GW1.8hEMZWFL1,bL1.PTOvPPA.SF0
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I -- Pl.J _ _ _-t2U~2

61 auM HiMD PAPC, COSTS
62 $1I
~3SOCS -------
64 POM'T FOUR

65 SI st *__ I_ _

74 Ruh "CO CLIPS

76 RUM 1NC0 TOCAL FUEL

79RLiP ROD IIAINiT COSTS
ac- RUIN PHO HOVER :Wkoa

S2 PRINT S NtEI.SCPFH.$PV:F.SPHOV.SPL.S,-V.SCLF
83 IF S-1 15Gt SI*.W TO FCIR
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CON1TROL MODULE FOR OBSERVATION MODEL

I COMMON GU.IWFL*WFLI#WFLZ,ERR
2 COMMON G141,GW2,WPLC*WPLl
-3COPMMON -PTO, P-A,SFO-----
4 COM~MON GW29 UEM
5 CD"MON WE4,PNP,TAS.NEN,YAa. SLN,CPLWCR.wFLDPH.PRA, CGW.?4FH
6 COMM~ON RPTO#SF(YF-- --- ---------- -

7 COFPMON INOX,OISC,ALT,CAT
8 COMMON IOXA,IOXO
9 ICf)MON-WPL2 ----.--- --- --- - --- _____--

10 Pn INT flNF
11 RUN moo SIZE
12 R .UN-MOD MISSION-F4JEE-- -- --- -____

13 RUN MOO STAT WEIGI-T
14 RUN MOD GROSS WEIGHT
15 ITERATE-ON GW, FROM ONE, ATCL~--20-- -- ---- _____ _ _ -

16 WELl =WFL
17 RtiN MOC STORE OJLD CATA
18 Pr1INT-ALTOAT - *- ----- --- -_____

i9 PRINT GW,WEP,WFLWPL,PTC,PRA,SFO
20 POINT POAT

.21- POINT -PALT- _ _ ___

22 RUN MOO NEW SIZE DATA
23 tTR x0
24 POINT -TWO- - *-____ __-________

25 RUN MOC SIZE
26 RkUN MOD ANAL WEIGHT
~27 RUN MO-1 SIO dTH-....____ ________

28 ijFL2 = IFL

11GWI = W
32 RUN MOD MISSION FUEL

34 RUN MOD PAYLOAD
35 (;W GW2

-36 RUN MOD-ERROR - - -- ____

37 ITR =ITR.1
38 IF ITR IS GT MXTR. GC TO 7HRE
39 IF ERR-IS GT- 20,.-- GGTC- --WO- --- - ___ _

40 PrJINT THRE
41 PRINT ALT,OAT.-@A
42 PRINT Gw1,ShEmZWFIA,~kPLI,PTov.PRAvSFC -

43 PRINT GW2,WFLZ,WPLZ
44 DGW 2 GW2
-45 iI(M- - WEM2-------------_____ ____-

46 DPI 2 WPL2
-=47 GW 2GWZ

48 SdUFz-------------*- _

49 SOCE O
50 RUN moD pApC COSTS
51--RUN M00-MAIPT CoSTS--..----.--.. --- - .

52 RUN MOC ME!
53 PRINT SOCE,' MEISCPFH,MISTtGW
54 IOXA =IDXA *I - - ----- * --

55 ITERATE FROM PALT,TId4CS 5
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CONTROL MODULE FOR CRANE MODEL

2 CO0& tjw,I,GwPL0.uPL1
-3 C Oki- J- PTiJitAg-SFO - - - . ---

4 CV4-MJ, ua,atE
5 C0W-uJ.v WFmNPTAS$?.EN,9YAR,SL,N,)Pl-,fC5?.hFL,CPHPtA,UI.,MFH

C C'14N INCXtiLLSCALT,CAT
53 C04U'J IjXA#!OXO
Irv CCM.,W*--wPL 2- - -... ~---

10 !'O4T ONE
11 RUNJ MOO; SIZ6

-- 12-QRUN f4th-FLL&6iT IOLE- .-- . --- ---- -

13 RUN MQGJ T 0 ALLOWANCE
14 RUN M D 1-tVt:R

-15- RON MOO-MAX RANGE--- ------

It Gw a w * OPt.
17 F =F + CF

--Ie- RU - Ad- "VERt- - ---- . -----

I -) RUN MUD0 MAX RANGE
20 RU% AOU1 TOTt.L FUEL

-?I -Rt -t4'JL---TAT tAE IGtT-- .-.

22 RUN MU(J GROSS ovE1GMT
23 ITERATE LN %PA, FROM ONE, 6101 20

25 RUN MOD ,T..iE 010 DATA
26 PRIl:4T ALTOAT

-2---PR04T (,wNvuF-9itPLO.PTC 9PRASF--- -- .-

29 POW4 POAT
29 POINT PAL?

-32 -PU't MU itra SIE OAT* -- -

31 ITR 0
32 POINT TaO

31. RUN Mu) FLIGHT IDLE
35 2UNd M~a, T 0 AL.LOWEANCE

-36- RUN mWtitjvfiR- --- ------- - *-

37 RUN Mt420 MAX RANGE
38 Gm = Gk # *WPL
-39-F F +*-OF-- - --- --

40 RUN MUL, t-4VbR
41 RUN MOO MAX ANGE

43 WFLZ = WFL
44 RUN MuiD A:4AL hEIGHT

46 RUN M)D GRLJSS WEIGHT TO
47 GWI x C..

-4G.-RUh-Uv fL-LGH -IDLE---- --- --

49 PUN M4JO T 0 ALLOWANJCE
50 P'UN MO hOVER
-5;1- QN ;

4
OL4MAX- RANE---

52 G" Gw #~ *PL
51 F aF + nF

-54 -PUN 1D-OE---- --- - - ~ -- - --

55 RUN .400 MAX RANGE
56 RUN MOD TOTAL FUEL

-157- WFE I -WFL -- - ------- ----

58 PUN 1400 PAI'LOAD
59 GW Gw-;
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'50 PUIN MOD ERROR
61 IrR -Irk * 1

-62 IF -ITr IS GT PMXTRi- -GC TC TI4RE- __----- ~-
63 IF t~k IS.GT 209 GOTC TlsO
64 PflINT TtIRE

--61- PRINI ALT#OATjiftR
68 PRIN.T &nl,$gE?2,FLl9WPLIvPTC*PRAqSFO
67 PRINT GM2smFLdvWPL2
--- GW-- Gst---

t-9 WEM a %EM2
70 DPI = PLZ

--- '?1--pufv MaOt) A(-U T--- ----
72 RUN MODi JMAX
7! St = 0

-74 SOC--0 -____ ___ ____

7f POINT FOUR

7-RUN 400- PALOADS- -

82 RUN MOD T U ALLO*ANCE
ft -RUN MOu ui k

Z4 RUN 14JO MAX RANGE

80 GTw x GwA * 1P

97 RUN M~UD HOWER PO
Ag RUN MOOU MAXRAG

97 IOXAT JAT * I
*91 ITERATE 0.R*-PAOLIqRCIFIE--

100 IOXO IVXA * 1
--198 -IT ERATE -R PATrTI MES- in -'S
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CONTRODL MODULE FOR GUNSHIP MODEL

I COIFMCN GW,WFL.1dFLI,WdFL2,ERR
2 COM0MON CGV t CWZ#WPLC*WPL I
3 c OY'MON PT0,PP.AqSFO 0- --

4 COP'P3' GW~tWE4
5 COPMON WEH.NP.TASNENtYARSLNCfPLtWCRWFL,DPH.PRA,CGW.4FH

-COMPOIJ R, PrO, SFO, F -

I COP'NCN INUX,OISC,AL1,CAT
8 COP?:CN IOXL,IOXO

- COMlON 1PLT - -

10 POINT ONE
11 RUN MOD SIZE

Z-7-RUN'PO0 CRUIS EHOVERA-4ODVMAX-
13 RUN MOD MAX RANGE
1' RUN MOO TOTAL FUEL

-15-RUN MOSTATWErGHr-
16 RUN POIC CROSS WEIGHT
17 ITERATE ON 6W,_FROM ONE, ATOL 20

19 RUN MO00 STORE OLD DATA
20 PRINT AL.#OAT

-2r-PRNT-GW,^EP;WFL-VPLO-PT.PRA-*SFO--
22 POINT POAT
23 POINT PALT

-24--RUW MOC NEW-SZE-A TA-------- --- ___

25 ITR =
26 POINT TtEG ___ ___

z7 RUNMoo O~sILF -___

28 RUN MOC CRUISE MOVER AND VMAX
29 RUN M00 MAX RANGE
3o-RUN PODrOTALFUEL----------
31 WFL2 xWFLz
32 RUN POO ANAL WEIGhT

-33- GU2- GW " - -

34 RUN MOD GROSS WEIGHT TWO
35 GWI GW

-36RUMN POD CRIt-IT.CVER -AND VPAX -- -- -___--__

37 RUN~ MOO MAX RANGE
38 RUN MOD TOTAL FUEL

40 RUN POO PAYLOAD
41 GW GW2

43 ITR~ ITR.I
44 IF IYR IS GT MXTR, GC TO THRE
4-r5?-F-ERA 1S GT-20- GOTC TWO----- -__ ---

46 POINT Th-RE
47 PRINT ALToAT91TR

'--SPRITG ;SWEM?;1aFL1&*PLrPTo.PRAtSFO- - - .-

49 PRINT Gw2tWFL2*WPL2
50 DGW =GWT

-Sr--EP'AWEM2 - -

52 OPL =WPL2

5;. RUN MOD PAPC COSTS
-'5iF RUN N00 iHD"--- -- -- - - --- --

56 SOCEO
51 POINT-FOUR - -

S8 $1 $I1
59 RUN MOD PAYLOADS
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60 ITA 0
61 POINtT FIVE
-62 RUN MCD OWwS~
63 RUN P3L CRItSE MOVER ANdC V04AX
64 RU S F ID )XAX RANGE ___

65 RUN MOD TOTAL FUEL-___
66 IIAT a ITAT * I
67 ITERAIE ON VWFLvfItf.-k-.FROH FlIE_____

-18 R U. 'CD* 'A IK T C 0S fS -

6^1 Ru% 930 I:OvER liftu
To RUN MOD NEI___
71 PRINT iGCEIu4ISCPF,9PUF5PrOVs9PIGW.SDrF-
72 !TF SN MG~T 11.60 TO FCUR
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0ODULt NAMt ~

SOCE = $OCE*4U/*CPFI4$SPUF
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LIST OF SYMBOLS

A joint probability plot area

ALT altitude, ft

APR atmospheric pressure ratio

AR aspect ratio

AT atmospheric temperature - *F

ATR atmospheric temperature ratio

2BL blade loading -- lb/ft

CA attrition costs - $

CB main rotor blade chord - ft

CC crew costs - $/flight hr

CD direct costs - $/flight hr

CE engine cost $

CET cost of enQineering and tooling - $

CFM field maintenance cost - S/flight hr

CG cost of GFE - $

CI initial spares cost - $

CL cost of labor - $

CM cost of materials - $

CMT total maintenance cost - $/flight hr

COPL overhaul parts and labor cost - $/flight hr

CP total aircraft production cost - $

CPFH total cost per flight hour - $/flight hr

CPIA Production, initial spares and attrition costs - $

CPOL fuel cost - $/flight hr

- - -- - -~--- - A ~ -- ---1



LIST OF SYMBOLS (Continued)

DE design value of endurance - min

DGW design gross weight-- lb

DIS distance - n mi

DL disc loading- lb/ft2

DLN normalized disc loading - DL/DR

DPH incremental altitude probability width

DPL design payload or change in payload - lb

DR density ratio - P/Po

E endurance - min

EN number of engines

EUF endurance utilization frequency

F equivalent flat plate drag area - ft 2

FL mission segment fuel load - lb

FOW ratio of drag area times DR to GW - (F)(DR)/GW

FRC forward rate of climb - ft/min

GW gross weight - lb

GW0 single-point design gross weight - lb

C- first design point gross weight - lb

GW2 second design point gross weight - lb

H altitude- ft

HP horsepower

KPP power reduction - MRHP/SHP

MEI mission effectiveness index

MFH average monthly flight hours - hr
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LIST OF SYMBOLS (Continued)

MOW maximum overload gross weight, lb

MRHP main rotor horsepower

N number of payload increments

NEN number of engines

NMR number of main rotor blades

NP number of ships produced (fleet size)

OAT outside air temperature - OC

OCE overall cost effectiveness index

OE operating endurance- min

OLF overload factor -%

OPL operating payload - lb

PA power available - hp

PHOV hover probability

PM power margin - %

POW power-to-weight ratio - MRHP/GW

PR pressure ratio

PRA intermediate rated power of engine @ SL, 590F - hp

PRF referred power - hp

PRQ power required for level flight - hp

PT temperature probability

PTO power at transmission torque limit - hp

PT1 previous value of PT

PUF payload utilization frequency

Q torque limit of transmission - ft-lb
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LIST OF SYMBOLS (Continued)

QMR main rotor torque - ft-lb

R main rotor radius - ft

RA maximum continuous power rating factor

RCP percent fuel for reserve -%

R/C rate of climb

RPL relative payload (to design)

S solidity =

SAR specific air range - n mi/lb

SAS stall limited air speed - kn

SFC specific fuel consumption - lb/hr-hp

SFO specific fuel consumption at PRA - lb/hr-hp
SL system life - years

SM airspeed margin to stall - kn

SSF normalized specific fuel consumption

T actual averaqe MTBF - hr

TAS true airspeed - kn

TIM time - min

TMAX maximum temperature at a aiven altitude -F

TN normal averaqe MTBr - hr

TS main rotor tip speed - ft/sec

VRC vertical rate of climb - ft/min

TWA AMP weight - lb

WCR weight of crew - lb
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LIST OF SYMOLS (Continued)

WE M envty welrjrt of ship -lb

WFL fuel weight - lb

WPL payload -lb

YAR average yearly attrition rate -no./yr

rotor speed -rad/sec
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